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With	  the	  arrival	  of	  multisensory	  and	  haptic	  technologies,	  interactive	  digital	  
experiences	  are	  no	  longer	  merely	  audio-­‐visual	  creations	  –	  and	  they	  are	  no	  longer	  the	  
forte	  only	  of	  engineers	  and	  computer	  scientists.	  More	  artists	  and	  designers	  are	  
creating	  experiences	  involving	  a	  larger	  spectrum	  of	  the	  senses,	  specifically	  the	  touch	  
sense	  (Stelarc,	  1991;	  Myron	  Krueger,	  1991;	  Stahl	  Stenslie,	  2009).	  This	  raises	  issues	  
such	  as	  the	  kind	  of	  theoretical	  knowledge	  that	  is	  useful	  to	  inform	  the	  designer,	  the	  
kind	  of	  approach	  that	  can	  be	  taken	  to	  include	  touch	  in	  interaction	  design,	  and	  how	  
this	  can	  be	  used	  in	  the	  new	  design	  space.	  Particularly	  interesting	  for	  the	  design	  of	  
salient	  multisensory	  experiences	  is	  an	  awareness	  of	  how	  perception	  is	  currently	  
understood.	  The	  integration	  of	  haptic	  capabilities	  in	  many	  contemporary	  interactive	  
designs	  makes	  the	  communicative	  potential	  of	  touch	  in	  terms	  of	  sensory,	  affective,	  
individual	  and	  creative	  expression	  even	  more	  relevant.	  	  
This	  thesis	  seeks	  to	  establish	  a	  theoretical	  framework	  to	  inform	  holistic	  design	  
choices	  from	  the	  perspective	  of	  philosophical	  and	  culturally	  relevant	  debates	  and	  a	  
solid	  understanding	  of	  the	  human	  user	  and	  their	  perception.	  This	  task	  is	  approached	  
by	  establishing	  the	  affordances	  of	  touch	  –	  i.e.	  the	  meanings	  that	  emerge	  from	  
interacting	  with	  the	  environment	  through	  the	  haptic	  sense,	  but	  in	  contemplation	  of	  
the	  user	  as	  a	  gestalt,	  in	  their	  individual	  context,	  uniting	  the	  senses	  in	  an	  embodied	  
approach:	  viewing	  perception	  as	  an	  active	  process	  and	  rejecting	  the	  Cartesian	  
separation	  of	  body	  and	  mind.	  This	  approach	  is	  aligned	  with	  the	  ideas	  of	  
phenomenology	  about	  embodiment	  –	  seeing	  the	  body,	  action	  and	  movement	  as	  the	  
basis	  for	  experience	  and	  meaning.	  This	  includes	  an	  examination	  of	  the	  use	  of	  
metaphors	  as	  synaesthetic	  drivers	  of	  meaning,	  understood	  in	  and	  across	  different	  
sensory	  modalities.	  
This	  research	  also	  explores	  the	  kind	  of	  haptic	  expressions	  that	  can	  be	  designed	  for	  
remote	  interaction,	  whether	  it	  is	  possible	  to	  establish	  a	  haptic	  language,	  and	  
whether	  such	  a	  haptic	  language	  can	  be	  learnt.	  Parameters	  of	  touch	  need	  to	  be	  
explored	  to	  enable	  the	  creation	  of	  meaningful,	  holistic	  and	  user-­‐centred	  interactive	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experiences.	  These	  problems	  are	  explored	  in	  practice,	  by	  developing	  and	  
implementing	  a	  prototype	  design	  of	  a	  multisensory	  environment	  capable	  of	  
crossmodality,	  dialogue	  between	  modalities	  (visual,	  aural	  and	  tactile),	  and	  evolution.	  
MEDIATE	  (EU	  funded	  project	  under	  FP5/IST	  Framework:	  IST-­‐2000-­‐26307)	  provided	  
for	  full	  body	  and	  gestural	  interaction	  capabilities,	  and	  was	  intended	  to	  be	  a	  platform	  
for	  sensory	  communication	  and	  expression,	  specifically	  for	  people	  on	  the	  autistic	  
spectrum	  with	  low	  verbal	  skills.	  It	  therefore	  serves	  as	  a	  useful	  case	  study	  to	  
exemplify	  the	  appropriateness	  of	  the	  concept	  of	  metaphors	  and	  image	  schemata	  in	  
terms	  of	  designing	  multisensory	  interfaces.	  Haptic	  interfaces	  with	  sonic	  and	  
vibrotactile	  responses	  were	  integrated	  in	  MEDIATE	  and	  provided	  opportunities	  for	  
prolonged	  interaction	  with	  varied	  levels	  of	  complexity	  in	  user	  behaviour	  and	  
stimulated	  interesting	  engagement,	  which	  seemed	  to	  encourage	  motivation,	  
attention	  span,	  learning	  and	  novel	  behaviour	  across	  modalities,	  particularly	  for	  
children	  on	  the	  Autistic	  Spectrum.	  	  	  
Semiotic	  analysis	  of	  haptic	  interface	  design	  case	  studies	  highlighted	  processes	  of	  
communication	  and	  the	  potential	  of	  metaphor.	  The	  use	  of	  Semantic	  Differentials	  
while	  feeling	  textures	  in	  a	  ‘Haptic	  Box’	  enabled	  the	  articulation	  of	  experiences	  
outside	  of	  verbal	  description,	  and	  pointed	  to	  tacit	  understandings	  and	  metaphorical	  
associations	  with	  tactile	  experiences.	  A	  questionnaire	  was	  used	  to	  explore	  haptic	  
memories,	  and	  statistical	  and	  semiotic	  analysis	  was	  done	  on	  ‘readings’	  of	  materials	  
such	  as	  silk	  and	  bark.	  	  A	  prototype	  haptic	  communication	  device,	  made	  of	  a	  
customized	  Pinpression	  toy	  provided	  couples	  with	  the	  opportunity	  to	  explore	  
scenarios	  of	  remote	  communication	  through	  touch,	  documented	  in	  user	  diaries	  and	  
digital	  photographs.	  The	  results	  show	  that	  there	  are	  associations	  we	  have	  with	  
certain	  textures,	  which	  could	  be	  related	  to	  an	  embodied	  experience,	  i.e.	  one	  which	  is	  
based	  on	  interaction	  of	  the	  body	  as	  a	  whole,	  rather	  than	  just	  a	  cerebral,	  ‘cognitive’	  
experience.	  	  The	  results	  also	  show	  how	  interfaces	  can	  be	  successfully	  designed	  to	  
provide	  opportunities	  for	  prolonged	  interaction	  with	  varied	  levels	  of	  complexity	  of	  
behaviour,	  which	  seemed	  to	  encourage	  motivation,	  increased	  attention	  span,	  
learning	  and	  novel	  behaviour	  across	  modalities,	  all	  of	  which	  is	  significant	  for	  children	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on	  the	  Autistic	  Spectrum.	  Organic	  materials	  probably	  draw	  forth	  a	  more	  commonly	  
shared	  response,	  whereas	  synthetic	  ones	  are	  more	  dependent	  on	  personal	  history.	  	  
In	  the	  remote	  interaction	  situations,	  couples	  successfully	  embraced	  the	  concept	  of	  a	  
new	  communication	  device	  involving	  touch,	  and	  also	  had	  personal,	  idiosyncratic	  
ways	  of	  developing	  strategies	  of	  usage.	  	  One	  couple	  in	  particular	  utilized	  embodied	  
schemata	  for	  their	  expression,	  demonstrably	  utilizing	  dimensions	  such	  as	  
boundaries,	  proximity	  and	  flow	  of	  experience.	  In	  the	  multisensory	  environment	  
MEDIATE,	  it	  was	  clearly	  necessary	  to	  make	  use	  of	  design	  drivers	  that	  can	  be	  
understood	  and	  made	  sense	  of	  in	  various	  sensory	  modalities.	  The	  relationships	  can	  
be	  arbitrarily	  designed,	  but	  was	  it	  was	  shown	  that	  they	  are	  more	  salient	  if	  they	  have	  
their	  foundation	  in	  bodily	  experience.	  Metaphors	  have	  synaesthetic	  relationships	  
and	  mappings,	  which	  can	  assist	  in	  designing	  meaningful	  content	  across	  different	  
sensory	  modalities.	  Similar	  metaphoric	  and	  synaesthetic	  processes	  have	  been	  
investigated	  and	  shown	  in	  the	  Haptic	  Box	  and	  PinKom	  study.	  This	  holistic	  approach	  
could	  help	  further	  our	  research	  around	  the	  expressive	  potential	  of	  touch,	  in	  more	  
than	  a	  translation	  of	  the	  visual,	  but	  rather	  in	  a	  tight	  and	  complex	  mapping	  with	  the	  
other	  senses,	  taking	  into	  account	  the	  actions	  of	  an	  individual	  in	  their	  environment.	  
Successful	  communication	  devices	  should	  not	  only	  cater	  for	  the	  imaginable	  
creations;	  design	  should	  at	  some	  point	  also	  consider	  the	  possibility	  of	  an	  evolution	  of	  
language,	  and	  for	  the	  development	  of	  unique,	  personal	  expressions.	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Embodied	  enaction	  is,	  quite	  literally,	  the	  agent	  through	  which	  technics	  
has	  an	  impact	  on	  life	  and	  the	  lifeworld.	  
(Hansen,	  2006,	  p.29)	  
	  
	  
With	  multi-­‐sensory	  technologies	  becoming	  more	  ubiquitous,	  a	  new	  design	  space	  
opens	  up.	  While	  the	  interface	  design	  discipline	  is	  still	  grappling	  with	  the	  affordances	  
of	  audio-­‐visual	  multimedia	  design	  and	  the	  potential	  of	  networked	  interactions,	  it	  is	  
also	  becoming	  pressing	  to	  consider	  the	  potential	  of	  the	  senses	  of	  touch	  as	  an	  
addition	  to	  the	  multimedia	  design	  palette	  and	  the	  body	  as	  a	  gestural	  ‘input	  device’.	  
How	  does	  the	  interface	  designer	  make	  that	  transition	  from	  a	  consideration	  of	  
graphic	  design	  on	  the	  screen,	  to	  the	  inclusion	  of	  moving	  imagery	  and	  addition	  of	  
sound,	  to	  then	  consider	  the	  user	  as	  a	  whole,	  not	  just	  a	  whole	  body	  as	  a	  sum	  of	  
senses,	  but	  a	  marriage	  of	  body	  and	  mind,	  a	  consideration	  of	  an	  embodied	  existence	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and	  interaction?	  What	  kind	  of	  methods	  and	  disciplines	  does	  one	  need	  to	  draw	  upon	  
to	  tackle	  the	  affordances	  that	  multi-­‐sensory	  and	  haptic	  technologies	  bring	  for	  
interface	  design?	  This	  thesis	  goes	  some	  way	  toward	  answering	  those	  questions	  by	  
experimenting	  with	  different	  research	  methods	  that	  could	  be	  useful	  in	  designing	  for	  
a	  holistic	  user	  experience:	  embracing	  a	  sense	  of	  embodiment	  and	  the	  promising	  yet	  
complex	  senses	  of	  touch.	  
In	  various	  research	  projects,	  utilizing	  a	  range	  of	  state-­‐of-­‐the-­‐art	  equipment	  such	  as	  
Microsoft’s	  tabletop	  interface	  ‘Surface’	  and	  the	  Nintendo	  ‘Wii’	  controller,	  it	  has	  been	  
remarkable	  that	  often	  the	  designer’s	  first	  instinct	  is	  to	  create	  WIMP	  (windows,	  icon,	  
mouse,	  pointer)	  interfaces,	  instead	  of	  dealing	  with	  the	  new	  potential	  of	  embodied	  
interfaces.	  It	  seems	  that	  the	  affordances	  the	  enactive	  and	  embodied	  interfaces	  could	  
bring	  have	  not	  been	  explored	  or	  even	  considered	  fully	  yet	  by	  the	  design	  community.	  
To	  make	  the	  move	  from	  designing	  on-­‐screen	  desktop	  interfaces	  to	  embodied	  and	  
enactive	  interfaces	  means	  a	  paradigm	  shift	  and	  a	  substantial	  conceptual	  leap	  for	  
designers	  and	  programmers.	  This	  is	  why	  research	  such	  as	  that	  carried	  out	  for	  this	  
thesis	  is	  becoming	  crucial	  to	  the	  development	  of	  technology	  and	  design	  of	  salient	  
interfaces.	  It	  is	  important	  that	  the	  design	  community	  understands	  the	  potential	  of	  
embodiment,	  and	  the	  advantages	  this	  can	  bring.	  	  
The	  research	  reported	  here	  is	  located	  in	  an	  Art	  &	  Design	  context	  and	  is	  partly	  
practice-­‐based,	  so	  the	  thesis	  embraces	  the	  role	  of	  the	  artist	  and	  designer	  in	  this	  
technologically	  driven	  field	  and	  demonstrates	  the	  need	  for	  practical	  involvement	  and	  
interdisciplinary	  efforts,	  which	  complement	  the	  more	  conventional	  paths	  of	  haptic	  
investigation	  taken	  thus	  far.	  There	  are	  several	  ways	  Art	  &	  Design	  can	  contribute	  to	  
the	  research	  of	  issues	  surrounding	  Haptics.	  Indeed,	  it	  is	  already	  very	  actively	  pursued	  
within	  the	  UK.	  There	  are	  several	  research	  groups	  located	  in	  Art	  &	  Design	  
departments,	  looking	  at	  specifically	  how	  Haptics	  technology	  can	  help	  the	  art	  making	  
process.	  The	  Tacitus	  project	  at	  the	  Edinburgh	  College	  of	  Art,	  was	  aimed	  at	  creating	  a	  
Haptic	  Interface	  and	  tools	  to	  support	  designers	  and	  applied	  artists	  (Shillito	  et	  al,	  
2001).	  Work	  is	  being	  carried	  out	  at	  the	  Birmingham	  Institute	  of	  Art	  and	  Design,	  
where	  Prytherch	  (2003)	  is	  particularly	  interested	  in	  supporting	  sculptors	  and	  
researching	  their	  tacit	  skills.	  In	  the	  Department	  of	  Creative	  Technologies	  at	  the	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School	  of	  Art	  &	  Design	  at	  the	  University	  of	  Huddersfield,	  research	  is	  undertaken	  into	  
the	  relationship	  of	  touch	  and	  the	  museum	  experience	  (Onol,	  2006).	  However,	  the	  
role	  of	  haptic	  tools	  in	  the	  craft	  of	  art	  making	  and	  design	  as	  a	  process	  will	  not	  be	  
extensively	  referred	  to,	  as	  this	  particular	  research	  context	  was	  not	  the	  focus	  for	  this	  
thesis.	  Instead,	  the	  focus	  in	  this	  thesis	  will	  be	  on	  exploring	  the	  meanings	  and	  
associations	  we	  have	  with	  the	  sense	  of	  touch,	  particularly	  in	  the	  context	  of	  computer	  
mediated	  communication	  and	  interaction.	  The	  approach	  taken	  here	  moves	  away	  
from	  a	  reductionist	  framework	  separating	  body	  and	  mind,	  and	  the	  need	  to	  create	  a	  
‘Haptic	  Language’	  –	  and	  instead	  strives	  towards	  a	  more	  holistic	  approach,	  of	  
understanding	  the	  complexities	  of	  the	  senses	  and	  the	  ideal	  of	  a	  ‘Haptic	  Palette’	  of	  
parameters	  with	  which	  to	  design	  
The	  particular	  contribution	  is	  to	  develop	  design	  practice	  in	  a	  historical,	  cultural	  and	  
critical	  theory	  based	  approach,	  as	  well	  as	  applying	  some	  social	  science	  based	  
research	  methods	  to	  specifically	  investigate	  touch	  in	  a	  full-­‐body	  interactive	  
environment	  allowing	  gestural,	  aural	  and	  tactile	  interaction,	  as	  well	  as	  in	  the	  context	  
of	  personal	  communication	  devices	  –	  what	  significance	  and	  meaning	  can	  textures	  
have?	  Are	  there	  semiotics	  codes	  that	  can	  be	  analysed?	  Can	  these	  codes	  evolve	  in	  
communication	  between	  intimate	  partners?	  
1.1 Positioning	  Haptics	  	  
At	  the	  beginning	  of	  this	  project,	  this	  undertaking	  was	  quite	  a	  pioneering	  idea,	  
therefore	  considerable	  groundwork	  had	  to	  be	  covered	  and	  information	  from	  various	  
disciplines	  synthesised.	  Recently,	  Haptics	  has	  been	  treated	  more	  broadly	  in	  the	  
literature,	  and	  helpful	  books	  covering	  much	  of	  the	  philosophical,	  psychological	  and	  
social	  ground	  have	  been	  published	  (Classen,	  2005;	  Paterson,	  2007;	  Getzinger,	  2005).	  
Although	  there	  has	  been	  a	  revival	  of	  the	  consideration	  of	  the	  senses	  in	  the	  social	  
sciences,	  and	  certainly	  a	  surge	  of	  development	  in	  terms	  of	  Haptics	  technology,	  there	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still	  needs	  to	  be	  more	  of	  a	  cross-­‐pollination	  of	  the	  two,	  such	  as	  in	  Paterson’s	  
positioning	  of	  the	  technological	  developments	  from	  a	  philosophical	  perspective	  
(Paterson,	  2005).	  New	  insights	  in	  cognitive	  science,	  neuroscience	  will	  have	  an	  impact	  
on	  the	  philosophy	  of	  mind,	  self	  and	  consciousness,	  such	  as	  in	  Johnson’s	  (2007)	  
consideration	  of	  the	  body	  as	  the	  foundation	  of	  meaning.	  Simultaneously,	  
technological	  innovation	  is	  allowing	  a	  huge	  variation	  of	  psychophysical	  experiments	  
with	  new	  devices	  and	  the	  availability	  of	  haptic	  technology	  has	  meant	  a	  creative	  drive	  
for	  the	  design	  of	  Haptic	  interfaces	  as	  well.	  These	  strands	  are	  moving	  in	  parallel	  and	  it	  
is	  an	  exciting	  time	  for	  researching	  the	  sense	  of	  touch,	  but	  it	  seems	  it	  is	  too	  early	  to	  
step	  back	  from	  these	  fields	  and	  draw	  conclusions	  from	  it	  in	  terms	  of	  design	  
‘guidelines’	  for	  example.	  This	  is	  not	  something	  that	  has	  been	  attempted	  in	  this	  thesis	  
and	  any	  attempts	  to	  do	  so	  would	  be	  premature.	  
1.1.1 Affordances	  of	  Touch	  
Interacting	  haptically	  means	  adding	  and	  creating	  a	  whole	  range	  of	  new	  affordances,	  
particularly	  as	  it	  means,	  by	  definition,	  actively	  engaging	  with	  what	  you	  find	  in	  your	  
environment.	  Affordances	  are	  introduced	  in	  this	  thesis	  as	  the	  potential	  of	  interaction	  
that	  the	  user	  (organism)	  perceives	  in	  his	  environment,	  based	  on	  the	  term	  as	  first	  
introduced	  by	  James	  Jerome	  Gibson,	  and	  later	  applied	  by	  Dan	  Norman	  for	  product	  
design.	  The	  concept	  of	  enactive	  perception,	  as	  described	  by	  Alma	  Noë	  will	  be	  
discussed	  to	  form	  the	  grounding	  from	  which	  to	  consider	  interface	  and	  interaction	  
design.	  The	  body	  as	  the	  foundation	  of	  experience	  and	  the	  primacy	  of	  perception,	  as	  
introduced	  by	  Maurice	  Merleau-­‐Ponty	  (1962),	  and	  more	  recently	  updated	  by	  Mark	  
Johnson	  (1987)	  will	  inform	  this	  view.	  A	  network	  of	  interface	  designers	  and	  engineers	  
has	  even	  coined	  a	  new	  term	  for	  interfaces	  in	  this	  light,	  namely	  ‘enactive	  interfaces’.	  
For	  an	  overview,	  see	  Raymaekers’	  (2009)	  editorial	  for	  a	  recent	  special	  issue	  on	  
enactive	  interfaces	  in	  the	  Journal	  ‘Interacting	  with	  Computers’.	  The	  active	  
component	  has	  consequences	  for	  the	  user’s	  perception	  of	  digital	  experience;	  it	  could	  
mean	  a	  more	  direct,	  immediate	  experience,	  as	  it	  can	  enrich	  the	  sense	  of	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engagement	  with	  digital	  content	  and	  increase	  a	  sense	  of	  presence	  of	  objects	  or	  
people	  in	  digital	  environments.	  
Interface	  Design	  in	  the	  age	  of	  multisensory	  technologies	  is	  pressing	  the	  need	  to	  
consider	  each	  communicative	  potential	  for	  each	  sensory	  mode	  –	  separately,	  as	  well	  
as	  in	  synthesis.	  The	  argument	  is	  positioned	  in	  an	  embodied	  view	  of	  the	  world,	  
assuming	  the	  body,	  the	  senses	  and	  perception	  jointly	  provide	  the	  foundation	  of	  
experience.	  In	  this	  light,	  investigating	  the	  concept	  of	  synaesthesia	  as	  a	  potential	  way	  
of	  understanding	  and	  contemplating	  the	  web	  of	  senses	  and	  also	  as	  a	  design	  
inspiration	  seems	  promising.	  The	  consideration	  of	  synaesthesia	  and	  the	  basis	  of	  
metaphor	  then	  leads	  to	  the	  contemplation	  of	  conceptual	  metaphors,	  as	  an	  
illustration	  of	  the	  interaction	  between	  bodily	  experience	  and	  thought,	  language	  and	  
understanding	  (meaning	  making).	  George	  Lakoff	  and	  Mark	  Johnson	  (1980)	  argued	  
for	  the	  importance	  of	  the	  consideration	  of	  metaphor	  not	  just	  as	  ornamental	  devices	  
in	  literature,	  but	  as	  essential	  to	  our	  processes	  of	  thought.	  
1.1.2 Multisensory	  mappings	  
This	  thesis	  sets	  out	  to	  conduct	  an	  investigation	  of	  natural	  mappings	  between	  sensory	  
modalities	  through	  a	  contemplation	  of	  synaesthesia,	  metaphors	  and	  body	  schemata,	  
with	  a	  special	  emphasis	  on	  investigating	  the	  Haptic	  sense	  as	  a	  sensory	  mode	  –	  a	  
mode	  that	  is	  just	  beginning	  to	  be	  considered	  in	  interface	  and	  interaction	  design.	  
When	  it	  is	  possible	  to	  capture	  data	  from	  one	  sensory	  modality,	  and	  then	  map	  that	  to	  
a	  computer	  mediated	  response	  in	  a	  different	  modality,	  it	  becomes	  necessary	  to	  
design	  this	  mapping.	  To	  this	  end,	  it	  may	  be	  helpful	  to	  look	  at	  how	  these	  relationships	  
work	  naturally,	  and	  if	  there	  are	  relationships,	  to	  look	  at	  the	  natural	  synaesthetic	  
mappings	  that	  occur	  in	  human	  interaction	  with	  the	  world,	  to	  be	  able	  to	  decide	  which	  
designed	  mappings	  would	  therefore	  be	  the	  most	  salient	  and	  intuitive	  for	  the	  user.	  If	  
the	  cause	  and	  effect	  relationship	  within	  human-­‐computer	  interaction	  is	  too	  far	  apart	  
and	  requires	  increased	  cognitive	  effort,	  this	  makes	  work	  cumbersome	  and	  can	  make	  
interaction	  so	  slow	  and	  difficult	  that	  it	  becomes	  unpleasant.	  Or,	  worse,	  people	  will	  
just	  not	  know	  what	  to	  do	  and	  how	  to	  perform	  in	  their	  interaction	  with	  digital	  content	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/	  within	  a	  digital	  environment.	  The	  idea	  of	  ‘pliability’	  introduced	  by	  Jonas	  Löwgren	  
(2007)	  refers	  to	  a	  tight	  coupling	  between	  interaction	  and	  response,	  a	  tangible	  sense	  
of	  feeling	  in	  control	  of	  the	  interaction	  process,	  and	  of	  haptically	  shaping	  the	  
interaction	  with	  digital	  content.	  He	  refers	  to	  this	  as	  the	  ‘experiential-­‐aesthetic	  
dimension’	  of	  Interaction	  Design,	  as	  opposed	  to	  the	  ‘instrumental	  and	  utility-­‐
oriented’	  dimension.	  The	  terms	  experience	  and	  aesthetics	  are	  pertinent	  to	  my	  
investigation.	  As	  Löwgren	  elaborates:	  
In	  interaction	  design,	  we	  are	  not	  doing	  visual	  art.	  The	  user’s	  aesthetic	  experience	  
lies	  in	  the	  interaction,	  the	  way	  in	  which	  the	  system	  behaves	  and	  responds	  over	  
time	  in	  interplay	  with	  the	  user.	  (Löwgren,	  2008)	  
In	  this	  view,	  interface	  design	  aesthetics	  has	  to	  consider	  so	  much	  more	  than	  just	  the	  
visual,	  it	  has	  to	  consider	  how	  knowledge	  and	  experience	  emerges	  as	  a	  result	  of	  
interaction	  and	  engagement.	  
1.1.3 Touch	  as	  a	  Medium	  for	  Communication	  
The	  potential	  of	  the	  sense	  of	  touch	  for	  communication	  is	  a	  hotly	  debated	  topic	  in	  the	  
Haptics	  research	  community.	  In	  order	  to	  design	  communication	  devices,	  haptic	  
device	  designers	  are	  actively	  seeking	  a	  set	  of	  general	  rules	  in	  haptic	  communication,	  
which	  they	  hope	  could	  inform	  a	  system	  of	  design	  parameters.	  How	  literal	  and	  binary	  
these	  rules	  can	  be	  is	  as	  yet	  unclear,	  but	  the	  consensus	  is	  that	  at	  the	  very	  least,	  
devices	  should	  harvest	  a	  shared	  system	  of	  meaning.	  Too	  little	  is	  known	  about	  the	  
exact	  communication	  possibilities	  of	  touch	  –	  although	  many	  people	  have	  a	  pretty	  
good	  “feeling”	  about	  it.	  	  
It	  has	  been	  established	  that	  human	  beings	  can	  learn	  new	  languages	  based	  on	  touch.	  
The	  most	  obvious	  example	  is	  Tadoma	  (Reed	  et	  al,	  1983),	  the	  language	  used	  by	  
people	  with	  dual	  sensory	  impairments	  (deaf-­‐blind),	  where	  the	  hand	  is	  placed	  on	  lips,	  
neck	  and	  cheek	  to	  feel	  vibrations,	  airflow	  and	  facial	  movements	  made	  during	  verbal	  
expression.	  Alternatively,	  there	  are	  alphanumeric	  languages	  like	  Braille,	  which	  
consists	  of	  decoding	  raised	  dots	  on	  paper.	  Vibratese	  (Geldard,	  1960),	  a	  language	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developed	  by	  Geldard,	  uses	  5	  vibrotactile	  signals	  placed	  on	  the	  chest	  to	  make	  letters,	  
digits	  and	  words	  and	  proved	  subjects	  could	  learn	  artificial	  tactile	  languages.	  
ComTouch	  (Chang	  et	  al,	  2002)	  is	  moving	  away	  from	  the	  alphanumerical	  coding	  and	  
trying	  a	  more	  conceptual	  approach.	  Based	  on	  the	  metaphor	  of	  the	  handshake,	  it	  
allows	  users	  to	  create	  their	  own	  coding	  system	  with	  vibratory	  signals	  delivered	  to	  
the	  hand.	  Very	  successfully,	  all	  pairs	  of	  participating	  test	  subjects	  managed	  to	  
establish	  a	  meaningful	  communication,	  both	  in	  conjunction	  with	  audio	  signals	  and	  
without.	  MacLean	  is	  developing	  Haptic	  Icons	  (MacLean	  &Enriquez,	  2003),	  an	  attempt	  
to	  design	  computer-­‐generated	  force	  or	  tactile	  feedback	  signals	  to	  convey	  meaning,	  
hoping	  they	  can	  make	  up	  the	  founding	  building	  blocks	  of	  a	  haptic	  expressive	  
language.	  The	  researchers	  hope	  to	  understand	  the	  process	  of	  communication	  better	  
through	  studying	  learned	  haptic	  meanings	  first,	  before	  moving	  the	  research	  on	  into	  
the	  direction	  of	  abstract	  more	  intuitive	  meanings.	  With	  the	  Haptic	  Doorknob,	  
MacLean	  (1999)	  has	  created	  an	  interface	  using	  narrative,	  several	  different	  touch	  
parameters	  (torque,	  temperature,	  etc.)	  and	  suggestion	  to	  create	  meaning	  in	  the	  
user’s	  mind.	  	  With	  the	  Vibrobod	  and	  What’s	  Shaking,	  researchers	  Dobson	  et	  al	  
(2002)	  created	  a	  vibrotactile	  interpersonal	  communication	  device	  and	  a	  newsgroup	  
navigation	  device	  for	  complementing	  interpersonal	  interaction	  in	  a	  digital	  space.	  
They	  found	  that	  the	  vibration	  and	  temperature	  successfully	  facilitated	  the	  exchange	  
of	  emotional	  and	  social	  content.	  For	  example,	  people	  interpreted	  a	  high	  frequency,	  
intense	  vibration	  buzz	  as	  a	  very	  active	  newsgroup.	  The	  researchers	  claimed	  that	  
touch	  as	  a	  communication	  medium	  is	  well	  suited	  to	  elusive	  concepts	  of	  personal	  
information	  like	  ambience,	  affect	  and	  urgency,	  but	  less	  so	  for	  the	  transmission	  of	  
precise,	  complex	  information.	  MacLean	  also	  stated	  "Touch	  affords	  precise	  control	  
and	  discrimination,	  but	  is	  vague	  compared	  to	  other	  senses	  in	  facilitating	  recall	  and	  
association	  of	  absolute	  and	  relative	  resolutions"	  (MacLean,	  2000).	  Dobson	  et	  al	  
conclude	  that	  their	  mappings	  were	  so	  successful	  that	  no	  prior	  training	  was	  needed	  
and	  does	  not	  require	  any	  special	  literacy.	  It	  is	  appropriate	  and	  desirable	  that	  no	  
specific	  training	  was	  needed	  to	  use	  and	  understand	  the	  devices,	  but	  I	  feel	  the	  
researchers	  have	  tapped	  into	  an	  area	  of	  research	  potential	  which	  offers	  great	  
benefits	  for	  extending	  the	  communicative	  capacity	  of	  haptic	  interfaces	  -­‐	  a	  shared	  
system	  of	  symbolic	  significance.	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In	  contrast	  to	  many	  of	  the	  approaches	  cited	  above,	  the	  focus	  in	  this	  thesis	  will	  be	  on	  
exploring	  the	  meanings	  and	  associations	  we	  have	  with	  the	  sense	  of	  touch,	  at	  a	  more	  
intuitive	  and	  immediate	  level,	  rather	  than	  primarily	  at	  the	  conceptual	  level,	  for	  
application,	  specifically,	  in	  the	  context	  of	  computer	  mediated	  communication	  and	  
interaction.	  Instead	  of	  investigating	  the	  potential	  of	  a	  ‘Haptic	  Language’,	  the	  thesis	  
will	  instead	  strive	  to	  explore	  something	  more	  flexible	  in	  allowing	  particular	  
affordance	  to	  emerge,	  something	  more	  akin	  to	  a	  ‘Haptic	  Palette’,	  drawing	  on	  
semiotics	  as	  a	  useful	  model	  for	  research	  and	  design	  of	  haptic	  communication.	  
1.2 	  Research	  Aims	  
What	  the	  thesis	  has	  set	  out	  to	  do	  is	  to	  broadly	  explore	  ways	  of	  thinking	  about	  touch,	  
and	  exploring	  different	  types	  of	  methodologies	  to	  support	  Haptic	  design.	  Touch,	  as	  
has	  often	  been	  said,	  is	  rather	  complex,	  and	  it	  follows	  that	  the	  research	  of	  Touch	  is	  
equally	  so.	  	  
In	  general,	  the	  aim	  is	  to	  explore	  a	  shift	  in	  design	  space	  and	  thinking	  –	  charting	  the	  
journey	  from	  graphic	  designer	  to	  interaction	  designer,	  a	  general	  move	  from	  
screen/desktop	  to	  full	  body	  (embodied),	  multisensory	  interaction,	  to	  the	  
investigation	  of	  a	  multidisciplinary	  fields	  that	  extend	  boundaries	  and	  innovate	  
conceptions	  of	  the	  field	  at	  the	  level	  of	  fundamental	  thought.	  In	  more	  practical	  terms,	  
the	  aim	  includes	  trying	  to	  establish	  what	  the	  senses	  of	  touch	  can	  bring	  to	  Human	  
Computer	  Interaction.	  
1.2.1 Holistic	  Consideration	  of	  the	  User	  
The	  research	  is	  approached	  through	  an	  embodied	  view	  of	  the	  world:	  rejecting	  a	  
Cartesian	  separation	  of	  body	  and	  mind,	  and	  instead	  investigating	  all	  senses	  together	  
in	  a	  phenomenological	  experience.	  The	  body,	  senses,	  and	  active	  perception	  are	  
regarded	  here	  as	  providers	  of	  the	  foundations	  of	  experience	  and	  meaning	  making	  –	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particularly	  focussing	  on	  the	  interactive,	  multimodal	  and	  communicative	  potential	  of	  
the	  sense	  of	  touch,	  while	  considering	  the	  potential	  of	  synaesthetic	  experience	  to	  
grow	  meaningfully	  and	  coherently	  as	  an	  individual	  or	  in	  sharing	  with	  another.	  The	  
research	  will	  try	  to	  establish	  what	  would	  constitute	  a	  useful	  theoretical	  framework	  
for	  the	  design	  of	  multisensory	  interactive	  experiences,	  which	  allows	  for	  a	  focus	  on	  
and	  understanding	  of	  the	  user	  in	  their	  environment.	  	  And	  more	  specifically,	  the	  
issues	  are:	  how	  can	  a	  theoretically	  informed	  framework	  of	  embodied	  perception,	  
affordances	  and	  multimodal	  metaphors	  be	  useful	  in	  the	  design	  of	  multisensory,	  and	  
particularly	  haptic,	  interactive	  experiences,	  and	  following	  on	  from	  that,	  can	  a	  
contemplation	  of	  synaesthesia	  and	  metaphor	  be	  useful	  in	  the	  design	  of	  multisensory	  
mappings?	  The	  relationships	  between	  sensory	  modalities,	  from	  the	  point	  of	  view	  of	  
embodied	  image	  schemata,	  need	  to	  be	  further	  researched	  before	  guidelines	  for	  
paradigms	  can	  be	  made	  –	  technology	  can	  enable	  this	  through	  multimodal	  mapping	  
techniques,	  experiments	  and	  design	  interactions,	  as	  will	  be	  demonstrated	  in	  
‘MEDIATE’	  (Chapter	  3).	  
1.2.2 Developing	  a	  Theoretical	  &	  Philosophical	  Framework	  
Another	  research	  aim	  in	  this	  thesis	  is	  to	  develop	  a	  theoretical	  and	  philosophical	  
framework,	  which	  will	  provide	  a	  critique	  of	  current	  multisensory	  interactive	  design	  
practice,	  and	  particularly	  haptic	  design.	  An	  awareness	  of	  wider	  philosophical	  debates	  
can	  allow	  us	  to	  challenge	  assumptions,	  values	  and	  ideas	  concerning	  our	  selves	  in	  
relation	  to	  the	  world	  and	  others,	  and	  further	  enhance	  designers’	  understanding	  and	  
awareness.	  We	  need	  to	  examine	  how	  the	  sense	  of	  touch	  has	  been	  historically	  and	  
culturally	  constructed,	  what	  the	  assumptions,	  values	  and	  limitations	  of	  different	  
philosophical	  approaches	  are,	  both	  in	  general	  and	  more	  specifically	  in	  current	  Haptic	  
Interface	  research.	  	  	  
The	  senses	  here	  are	  considered	  as	  a	  cultural	  and	  social	  construct,	  so	  the	  attitude	  to	  
and	  understanding	  of	  perception	  can	  and	  does	  change	  historically.	  For	  example,	  we	  
can	  contrast	  the	  Cartesian	  mind-­‐body	  dualism	  of	  the	  rationalist	  period	  during	  the	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Enlightenment	  with	  a	  more	  Eastern-­‐inspired	  holistic	  contemporary	  view	  of	  
embodiment.	  The	  term	  ocular-­‐centrism	  describes	  the	  dominance	  of	  the	  visual	  sense,	  
which	  will	  be	  shown	  to	  be	  part	  of	  a	  specific	  cultural	  history	  that	  determined	  a	  
particular	  hierarchy	  of	  the	  senses.	  Attitudes	  towards	  the	  sense	  of	  touch,	  and	  
corresponding	  Haptic	  Designs	  can	  be	  categorized	  into	  different	  philosophical	  models	  
of	  touch.	  The	  thesis	  will	  also	  aim	  to	  draw	  together	  background	  information	  about	  
the	  nature	  of	  touch	  in	  terms	  of	  human	  development,	  communication	  and	  emotion.	  	  
1.2.3 	  Apply	  Theory	  to	  Practice	  
This	  research	  is	  approached	  as	  a	  practitioner	  in	  the	  Art	  &	  Design	  field,	  and	  although	  
theoretical	  concepts	  are	  explored	  broadly,	  ultimately	  the	  aim	  is	  to	  apply	  this,	  and	  to	  
let	  theory	  inform	  design	  practice.	  Practical	  considerations	  for	  the	  research	  and	  
practice	  here	  were:	  what	  is	  the	  potential	  of	  touch	  in	  multisensory	  interaction	  design;	  
how	  can	  tactile	  interfaces	  support	  interaction	  in	  a	  multisensory	  environment	  
designed	  to	  facilitate	  expression,	  novel	  behaviour	  and	  a	  sense	  of	  agency;	  and	  when	  
applying	  this	  theoretical	  framework	  to	  Interface	  Design,	  how	  do	  you	  map	  and	  
combine	  particular	  parameters	  into	  a	  meaningful	  experience	  in	  interactive	  
scenarios?	  
These	  problems	  are	  explored	  by	  developing	  and	  implementing	  a	  prototype	  design	  of	  
a	  multisensory	  environment	  capable	  of	  crossmodality,	  dialogue	  between	  modalities,	  
and	  evolution.	  The	  MEDIATE	  design	  provided	  for	  full-­‐body	  and	  gestural	  interaction	  
capabilities,	  specifically	  for	  people	  on	  the	  autistic	  spectrum,	  and	  was	  intended	  to	  be	  
a	  platform	  for	  sensory	  communication	  and	  expression.	  It	  is	  a	  non-­‐competitive	  space,	  
with	  engagement	  and	  interaction	  being	  the	  intrinsic	  reward.	  The	  interaction	  is	  fluid	  
and	  intuitive,	  functioning	  without	  standardized	  button	  or	  predetermined	  action	  
sequences	  or	  responses.	  The	  particular	  strength	  of	  MEDIATE	  is	  in	  its	  adaptability	  –	  
the	  interaction	  can	  grow	  in	  complexity	  and	  allows	  for	  emergence	  and	  novelty.	  It	  is	  
also	  focused	  on	  synaesthetic	  expression,	  interaction	  and	  communication	  through	  its	  
crossmodal	  capabilities.	  
The	  aim	  is	  to	  design	  and	  construct	  tactile	  interfaces	  with	  sonic	  and	  vibrotactile	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responses	  and	  integrate	  these	  in	  this	  multisensory	  environment,	  which	  includes	  
interfaces	  in	  and	  across	  visual,	  aural	  and	  tactile	  modalities.	  These	  elements	  should	  
invite	  interaction	  and	  engagement,	  and	  the	  development	  of	  haptic	  creative	  
expression.	  They	  should	  not	  provide	  areas	  of	  fixation,	  particularly	  for	  the	  user	  on	  the	  
autistic	  spectrum.	  
1.2.4 Investigate	  Tactile	  Semiotics	  	  
This	  study	  aims	  to	  bring	  together	  the	  theory	  of	  semiotics	  as	  a	  cultural	  system	  of	  
abstract	  representation	  and	  the	  theory	  of	  meaning	  having	  a	  bodily	  basis,	  that	  all	  
metaphor	  and	  embodied	  schemata	  are	  based	  on	  experience.	  When	  designing	  for	  
that	  haptic	  sense,	  we	  can	  explore	  and	  exploit	  these	  metaphors	  and	  sign	  systems.	  The	  
aim	  is	  not	  to	  create	  a	  lexicon	  of	  haptic	  impressions	  -­‐	  the	  linguistic	  model	  is	  not	  
appropriate	  here.	  We	  are	  entering	  a	  new	  design	  space,	  a	  new	  way	  of	  designing	  for	  a	  
new	  medium/modality.	  There	  is	  a	  common	  pool	  of	  experience	  and	  knowledge	  we	  
draw	  from	  to	  design	  -­‐	  either	  for	  pleasure/aesthetics	  or	  for	  
functional/communication	  purposes.	  	  
It	  was	  never	  the	  aim	  of	  this	  thesis	  to	  produce	  a	  set	  of	  guidelines	  for	  Haptic	  design	  or	  
a	  Haptic	  Language,	  but	  there	  was	  the	  aim	  of	  exploring	  the	  ‘paint’	  the	  Haptic	  sense	  
provides	  -­‐	  the	  parameters	  of	  touch	  that	  we	  might	  design	  with.	  This	  is	  what	  I	  have	  
referred	  to	  as	  a	  ‘Haptic	  Palette’.	  It	  is	  more	  about	  choosing	  a	  particular	  parameter	  
(vibration,	  texture,	  temperature	  etc.)	  and	  exploring	  the	  affordances	  around	  this.	  
What	  meaning	  can	  be	  derived	  from	  a	  particular	  texture?	  Is	  there	  a	  semiotic	  link	  
between	  mental	  concepts	  (metaphors)	  and	  tactile	  experiences,	  specifically	  textures?	  
The	  Haptic	  Box	  study	  was	  designed	  to	  start	  finding	  answers	  to	  this	  question.	  
Considering	  contextual	  factors	  (more	  than	  perceptual)	  in	  terms	  of	  touch,	  it	  aimed	  to	  
tease	  out	  tacit	  knowledge	  about	  tactile	  experience.	  There	  seem	  to	  be	  commonly	  
shared	  associations	  across	  participants’	  responses	  -­‐	  which	  points	  to	  the	  
appropriateness	  of	  embodied	  metaphors	  as	  theoretical	  context	  and	  design	  
informers.	  To	  take	  these	  questions	  further	  into	  design	  practice,	  and	  the	  possible	  
evolution	  of	  a	  haptic	  language	  -­‐	  could	  a	  personal	  haptic	  communication	  device	  
	  
	  12	  
support	  the	  development	  of	  new	  expressions	  between	  people	  in	  an	  intimate	  
relationship?	  Are	  there	  metaphoric	  concepts	  detectable	  in	  haptic	  expressions,	  and	  
might	  they	  be	  useful	  in	  nonverbal	  communication?	  	  
The	  PinKom	  design,	  a	  prototype	  for	  a	  haptic	  communication	  device,	  conceived	  for	  
the	  research	  in	  this	  thesis,	  allows	  development	  of	  haptic	  codes	  for	  communication	  
between	  intimate	  couples.	  It	  allows	  a	  focus	  on	  user	  research	  by	  experimenting	  with	  
a	  low-­‐tech	  prototype,	  which	  was	  inexpensive	  and	  quick	  to	  construct.	  Because	  it	  is	  a	  
small,	  mobile	  prototype	  it	  allows	  participants	  to	  interact	  within	  their	  own	  context.	  
The	  study	  was	  designed	  to	  investigate	  expressions	  that	  emerge	  from	  participants	  
and	  idiosyncratic	  ways	  of	  using	  the	  device	  were	  demonstrated,	  some	  of	  which	  could	  
be	  shared.	  Embodied	  metaphors	  are	  again	  shown	  to	  be	  relevant	  -­‐	  in	  terms	  of	  device,	  
relationship	  and	  individual	  expressions.	  
1.3 Methodology	  
1.3.1 Interdisciplinary	  research	  
In	  order	  to	  develop	  a	  broad	  theoretical	  framework,	  considering	  touch	  research	  in	  
various	  contexts,	  a	  research	  journey	  has	  been	  taken	  through	  many	  different	  
disciplines,	  wherein	  various	  terminology	  has	  been	  encountered:	  firstly	  through	  
research	  papers	  from	  Engineering	  and	  Computer	  science,	  which	  is	  driving	  Haptics	  
technology	  research.	  	  Leading	  on	  from	  this,	  it	  is	  useful	  to	  get	  to	  know	  
Psychophysicists’	  research	  on	  the	  actual	  workings	  of	  the	  skin,	  nerves	  and	  brain,	  in	  
close	  relationship	  with	  Haptics	  technology	  research.	  Then,	  taking	  a	  step	  away	  from	  
the	  rich	  variety	  of	  the	  Haptics	  conferences	  for	  example	  (EURO,	  WORLDHAPTICS),	  we	  
will	  retreat	  to	  the	  more	  abstract	  levels	  of	  philosophical	  theory,	  which	  is	  intended	  to	  
give	  some	  grounding	  and	  direction	  for	  the	  framework.	  Furthermore,	  as	  part	  of	  the	  
research	  for	  this	  thesis	  I	  was	  dealing	  with	  communication	  theory,	  cultural	  theory	  and	  
social	  semiotics,	  to	  deliver	  on	  my	  original	  promise	  of	  looking	  at	  the	  user	  holistically,	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and	  in	  context.	  What	  was	  of	  interest	  for	  this	  thesis	  was	  less	  what	  is	  physically	  
possible	  in	  terms	  of	  technological	  feasibility,	  but	  what	  might	  be	  imaginable	  –	  and	  
also,	  what	  other	  limiting	  or	  enabling	  factors	  may	  be	  present	  when	  incorporating	  the	  
sense	  of	  touch	  into	  designing	  salient	  interfaces.	  
The	  way	  that	  particular	  research	  disciplines	  pose	  their	  problems,	  the	  way	  they	  go	  
about	  solving	  them	  -­‐	  this	  all	  takes	  time	  to	  get	  used	  to,	  but	  it	  has	  been	  a	  rewarding	  
project	  in	  bringing	  this	  together	  for	  a	  unique	  view,	  which	  was	  needed	  for	  a	  thesis	  in	  
the	  particularly	  academic	  discipline	  pursued	  –	  exploring	  Haptics	  and	  the	  Haptic	  
Sense	  from	  the	  perspective	  of	  Art	  and	  Design,	  reflecting	  my	  own	  background	  in	  
Graphic	  Design,	  and	  charting	  the	  move	  to	  increasingly	  becoming	  an	  interaction	  
designer	  with	  full	  regards	  to,	  and	  consideration	  of,	  a	  holistic	  user	  experience.	  	  
1.3.2 Design	  practice	  –	  Reflective	  Practitioner	  
It	  is	  generally	  considered	  that	  research	  informed	  design	  contributes	  to	  developing	  
practice	  further	  and	  enables	  innovation.	  As	  a	  reflective	  practitioner	  it	  is	  relevant	  to	  
document	  the	  actual	  design	  process	  (including	  intuitions	  and	  iterations	  –	  rather	  than	  
merely	  aims	  and	  outcomes)	  extensively,	  as	  a	  valuable	  contribution.	  	  
Interface	  design	  is	  a	  complex	  and	  multidisciplinary	  process,	  for	  which	  MEDIATE	  
(Multi-­‐sensory	  Environment	  Design	  for	  an	  Interface	  between	  Autistic	  and	  Typical	  
Expressiveness)	  provides	  an	  interesting	  case	  study,	  as	  well	  as	  a	  platform	  to	  carry	  out	  
research	  in	  various	  areas.	  As	  an	  interface	  designer,	  this	  allowed	  me	  to	  develop	  
research	  in	  interaction	  design	  beyond	  the	  computer	  screen.	  Interesting	  to	  this	  
particular	  research	  strand	  were	  full	  body	  (gestural)	  interaction	  and	  haptic	  interfaces.	  
My	  contribution	  to	  interface	  design	  in	  my	  professional	  development	  was	  firstly	  
through	  graphic	  design,	  but	  as	  the	  discipline	  and	  myself	  moved	  more	  towards	  
understanding	  and	  supporting	  interactive	  processes,	  this	  also	  involved	  consideration	  
of	  user	  experience,	  digital	  processing,	  and	  network	  engineering	  as	  well	  as	  physical	  
interface	  design.	  This	  kind	  of	  work	  demands	  a	  tightly	  coupled	  team	  effort,	  with	  a	  
particular	  effort	  made	  in	  terms	  of	  communication	  and	  understanding	  between	  
designers	  and	  producers.	  I	  would	  describe	  my	  role	  in	  MEDIATE	  as	  a	  designer	  and	  
	  
	  14	  
researcher,	  although	  at	  times	  I	  also	  got	  involved	  with	  the	  physical	  construction	  of	  the	  
environment	  under	  the	  production	  lead	  by	  the	  Show	  Connections.	  In	  Chapter	  3,	  my	  
contribution	  in	  terms	  of	  research	  and	  production	  for	  the	  project	  MEDIATE	  will	  be	  
described	  (I	  was	  part	  of	  this	  project	  from	  2002	  to	  2004	  as	  a	  Research	  Associate).	  It	  
was	  also	  a	  project	  that	  would	  bring	  forth	  innovation	  in	  interface	  design	  -­‐	  reacting	  to	  
the	  particular	  challenges	  that	  the	  chosen	  user	  group	  posed	  meant	  pushing	  the	  
design	  and	  technological	  development	  beyond	  the	  status	  quo.	  	  
1.3.3 Semiotic	  Analysis	  	  
Applying	  Semiotics	  as	  a	  methodology	  could	  point	  to	  the	  complex	  and	  interwoven	  
system	  of	  interaction	  and	  communication	  involving	  nerves,	  muscles	  and	  neurological	  
processes	  as	  well	  as	  cultural	  knowledge,	  social	  processes	  and	  philosophical	  
boundaries.	  It	  points	  to	  the	  shared	  meaning	  system	  that	  emerges	  as	  an	  image	  
schema,	  and	  may	  escape	  verbal	  description.	  In	  Graphic	  Design	  -­‐	  or	  visual	  
communication	  -­‐	  the	  study	  of	  semiotics	  is	  one	  of	  the	  foundations	  in	  order	  to	  be	  able	  
to	  use	  visual	  language	  effectively	  to	  express	  and	  communicate	  a	  message	  we	  want	  to	  
get	  across.	  For	  example,	  in	  modern	  western	  culture,	  white	  space,	  as	  in	  the	  empty	  
space	  on	  a	  page,	  is	  associated	  with	  elegance	  and	  sophistication,	  with	  ‘good	  design’	  
(Robertson,	  1993).	  According	  to	  semiotic	  theory,	  a	  coding	  system	  is	  existent	  in	  every	  
media	  ‘channel’	  (Noeth,	  1990)	  –	  it	  just	  so	  happens	  researchers	  have	  concentrated	  
mostly	  on	  linguistics	  and	  visual	  aesthetics.	  In	  theory	  though,	  semiotic	  codes	  should	  
be	  detectable	  for	  haptic	  phenomena	  as	  well.	  I	  set	  out	  to	  investigate,	  establish	  and	  
verify	  the	  term	  tactile	  semiotics.	  What	  are	  the	  meanings	  we	  attach	  to	  haptic	  
phenomena,	  and	  in	  particular	  tactile	  experiences?	  Fashion	  &	  Textiles,	  Product,	  
Interior	  designers	  and	  Architects	  have	  used	  their	  intuition	  and	  visual	  and	  material	  
research/collections/libraries	  when	  it	  comes	  to	  selecting	  materials,	  which	  
communicate	  a	  certain	  "feel",	  through	  tacit	  knowledge.	  There	  have	  been	  countless	  
photo	  books	  and	  visual	  essays,	  collecting	  and	  cataloguing	  visual	  representations	  of	  
materials;	  also	  in	  most	  design	  studios	  one	  finds	  sketchbooks	  and	  files	  full	  of	  visual	  
research	  and	  bits	  of	  material	  which	  make	  up	  the	  designer's	  realm	  of	  experience,	  and	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may	  be	  relevant	  to	  the	  design	  process.	  However,	  this	  is	  largely	  done	  tacitly.	  Now,	  in	  
order	  to	  design	  for	  technically	  realised	  Haptics,	  as	  machine	  language	  requires	  and	  
necessitates,	  it	  is	  required	  to	  make	  this	  tacit	  knowledge	  explicit.	  
1.3.4 User	  Centred	  Design	  –	  Participative	  Experience	  Design	  Research	  
The	  user	  centred	  design	  approach	  plays	  an	  important	  part	  in	  the	  approach	  to	  
research	  throughout	  this	  thesis	  (Vredenburg	  et	  al,	  2002).	  The	  focus	  here	  is	  on	  early	  
involvement	  of	  users	  in	  the	  design	  of	  interactive	  systems,	  rather	  than	  testing	  a	  
finished	  product	  on	  users	  to	  evaluate	  them.	  This	  can	  range	  from	  an	  informative	  
approach	  (interviewing,	  observing	  users),	  to	  a	  consultative	  and	  then	  a	  participative	  
approach	  –	  in	  which	  users	  take	  an	  active	  role	  in	  collaborative	  design	  (Kujala,	  2003).	  
In	  the	  MEDIATE	  environment	  (Chapter	  3),	  a	  user-­‐centred	  design	  approach	  was	  
favoured,	  but	  perhaps	  not	  systematically	  and	  rigorously	  applied.	  There	  were	  some	  
early	  tests	  with	  vibratory	  devices,	  such	  as	  a	  ‘Rumble	  Box’	  –	  a	  wooden	  construction	  
containing	  distributed	  vibratory	  stimulation	  –	  this	  was	  not	  carried	  forward	  to	  the	  
production	  stage	  of	  the	  tactile	  interfaces.	  On	  reflection,	  due	  to	  some	  of	  the	  
engineering	  not	  quite	  performing	  to	  the	  expected	  standard,	  this	  user	  research	  would	  
have	  probably	  been	  beneficial.	  In	  case	  of	  some	  of	  the	  other	  interfaces	  (visual	  and	  
sonic,	  which	  are	  not	  described	  here),	  and	  the	  overall	  environment	  interaction,	  there	  
was	  involvement	  with	  users,	  and	  particularly	  the	  intended	  target	  user	  group,	  people	  
on	  the	  autistic	  spectrum.	  Overall,	  the	  environment	  was	  intended	  to	  be	  a	  prototype,	  
to	  serve	  as	  a	  research	  platform	  and	  allow	  the	  articulation	  of	  user	  needs	  for	  further	  
iterations,	  rather	  than	  be	  an	  end	  product.	  	  
The	  PinKom	  device	  (Chapter	  5)	  was	  not	  feasible	  to	  be	  built	  as	  part	  of	  the	  research	  for	  
this	  thesis	  as	  a	  functioning	  prototype,	  but	  conceived	  as	  a	  tool	  for	  a	  user-­‐centred	  
design	  study	  of	  new	  ways	  of	  communicating	  via	  remote	  touch.	  The	  focus	  is	  on	  user-­‐
friendly	  design,	  and	  an	  iterative	  testing	  of	  ideas	  very	  early	  on	  in	  the	  process	  (user-­‐
centred	  /	  user-­‐involved	  approach).	  Mock-­‐ups	  can	  be	  used	  to	  help	  users	  envision	  the	  
kind	  of	  systems	  they	  need	  -­‐	  and	  in	  turn	  inform	  the	  designers	  of	  exactly	  what	  will	  be	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required	  (Ehn	  &	  Kyng,	  1991).	  In	  the	  Haptic	  Box	  study	  (Chapter	  4),	  the	  research	  could	  
be	  useful	  at	  a	  later	  stage	  to	  design	  prototypes	  of	  interactive	  devices,	  and	  is	  indeed	  
intended	  to	  do	  that;	  at	  this	  stage,	  it	  focuses	  completely	  on	  the	  analogue	  user	  
experience	  of	  textures.	  	  
1.3.5 Mock-­‐ups	  and	  Low-­‐tech	  Prototypes	  
PinKom	  in	  its	  current	  state	  is	  a	  mock	  up	  of	  a	  haptic	  communication	  device	  that	  
allows	  the	  spontaneous	  forming	  of	  communication	  codes	  via	  the	  haptic	  sense.	  
Tollmar	  (2000)	  suggests	  using	  a	  holistic	  approach	  to	  designing	  new	  interfaces:	  
combining	  blue-­‐sky	  research	  with	  more	  down-­‐to-­‐earth	  design	  methods	  -­‐	  like	  
scenario-­‐based	  design	  and	  observational	  and	  ethnographic	  studies.	  He	  argues	  that	  
only	  one	  method	  without	  the	  other	  will	  result,	  in	  the	  first	  case,	  in	  failure	  due	  to	  lack	  
of	  realistic	  outcomes	  or,	  in	  the	  latter	  case,	  in	  inhibition	  of	  innovative	  ideas	  by	  limiting	  
the	  design	  only	  to	  what	  seems	  feasible.	  This	  way	  we	  might	  also	  work	  towards	  user-­‐
friendly	  designs,	  as	  the	  ideas	  can	  be	  tested	  very	  early	  on	  in	  the	  process	  (user-­‐centred	  
/	  user-­‐involved	  approach).	  Mock-­‐ups	  can	  be	  used	  to	  help	  users	  envision	  the	  kind	  of	  
systems	  they	  need	  -­‐	  and	  in	  turn	  inform	  the	  designers	  of	  exactly	  what	  will	  be	  required	  
(Ehn	  &	  Kyng,	  1992).	  Projects	  do	  not	  always	  represent	  what	  is	  technologically	  feasible	  
today,	  but	  can	  be	  useful	  tools	  in	  exploring	  design	  parameters	  for	  the	  technology	  of	  
tomorrow.	  Rapid	  prototyping	  toolkits	  (Lee	  et	  al,	  2004)	  could	  help	  designers	  
overcome	  the	  difficulty	  of	  creating	  functional	  prototypes	  of	  physical	  interactive	  
devices.	  
There	  is	  something	  to	  be	  said	  for	  the	  utilization	  of	  low-­‐tech	  or	  no-­‐tech	  prototypes	  as	  
employed	  for	  the	  research	  in	  this	  thesis.	  As	  described	  earlier,	  the	  design	  and	  
manufacture	  of	  Haptic	  Technology	  is	  a	  substantial	  commitment,	  often	  resulting	  in	  
user	  testing	  and	  evaluation	  being	  cut	  short.	  Low	  tech	  prototypes	  and	  mock-­‐ups,	  as	  
employed	  for	  the	  research	  in	  this	  thesis,	  have	  been	  shown	  to	  be	  a	  useful	  design	  
experimentation	  and	  are	  sufficient	  to	  enable	  a	  thorough	  consideration	  of	  the	  user	  
experience.	  Interactive	  Installation	  pioneer	  Myron	  Krueger	  often	  ‘faked’	  the	  
interactions	  by	  mirroring	  users	  and	  creating	  the	  illusion	  of	  computer	  driven	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responses,	  to	  show	  how	  effective	  such	  systems	  could	  be	  (GlowFlow,	  Metaplay)	  –	  
imagining	  and	  testing	  interaction	  scenarios	  that	  were	  not	  possible	  at	  the	  time,	  and	  
therefore	  driving	  the	  technology	  development	  with	  visionary	  direction.	  As	  Hansen	  
remarks	  by	  quoting	  Cameron	  (2005),	  this	  was	  his	  most	  impressive	  achievement:	  “By	  
prototyping	  experience,	  rather	  than	  technology,	  (…)	  Krueger	  was	  able	  to	  explore	  the	  
aesthetic	  space	  of	  an	  interactive	  installation	  before	  the	  technology	  existed”	  
(Cameron,	  cited	  in	  Hansen,	  2006,	  p.33).	  	  Krueger	  also	  believed	  that	  the	  action-­‐
response	  coupling	  in	  an	  interactive	  scenario	  is	  more	  important	  than	  the	  visual	  
resolution	  of	  the	  graphic	  display.	  So	  in	  comparison,	  even	  if	  Haptic	  Displays	  achieve	  a	  
certain	  bandwidth,	  this	  will	  not	  necessarily	  be	  meaningful	  to	  the	  user.	  The	  meanings	  
the	  user	  creates	  and	  the	  way	  he	  makes	  sense	  of	  his	  experience	  are	  the	  emphasis	  for	  
my	  research	  and	  it	  has	  been	  demonstrated	  that	  interesting	  findings	  can	  be	  
generated	  with	  low-­‐tech	  prototypes.	  
1.3.6 Quantitative/Qualitative	  Approach	  
The	  quantitative	  approach	  to	  the	  research	  with	  the	  Haptic	  Box	  has	  proven	  fairly	  
inconclusive	  at	  this	  stage,	  although	  it	  was	  worthwhile	  pursuing	  this	  kind	  of	  journey	  
for	  several	  reasons.	  One	  of	  these	  reasons	  is	  the	  fact	  that	  the	  Haptics	  Research	  
community	  is	  large	  made	  of	  disciplines	  favouring	  this	  approach,	  and	  in	  order	  to	  
engage	  in	  any	  kind	  of	  dialogue	  with	  this	  research	  community,	  I	  had	  considered	  it	  
beneficial	  to	  engage	  in	  methods	  more	  accepted	  and	  familiar	  within	  it.	  Also,	  it	  is	  not	  
proven	  through	  the	  research	  presented	  that	  there	  will	  be	  no	  conclusions	  at	  all	  that	  
can	  be	  drawn	  from	  the	  statistical	  analysis	  of	  a	  study	  like	  the	  Haptic	  Box.	  Pointers	  
towards	  metaphorical	  associations	  could	  be	  detected,	  and	  when	  the	  field	  moves	  on	  
and	  more	  is	  known	  about	  haptic	  dimensions	  and	  components,	  it	  may	  be	  possible	  to	  
pursue	  this	  research	  in	  a	  more	  informed	  way.	  At	  present,	  the	  scale	  trends	  were	  
informative	  in	  terms	  of	  the	  embodied	  meaning	  that	  could	  be	  derived	  from	  it.	  The	  
component	  analysis	  of	  the	  Haptic	  Box	  data	  however,	  which	  was	  hoped	  to	  aid	  in	  
determining	  underlying	  dimensions	  and	  clusters	  to	  the	  associations	  with	  tactile	  
experiences,	  produced	  too	  much	  variation,	  and	  was	  therefore	  included	  in	  the	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Appendix	  E	  and	  not	  directly	  referenced	  in	  the	  thesis.	  As	  more	  research	  around	  the	  
tactile	  sense	  emerges,	  the	  underlying	  dimensions	  and	  attributes	  that	  were	  pursued	  
in	  this	  experiment	  may	  become	  more	  evident.	  
The	  critical	  point	  still	  remains:	  psychophysical	  research	  deals	  with	  just	  that,	  
psychophysics	  and	  often	  fails	  to	  consider	  the	  human	  as	  an	  actor	  in	  their	  
environment,	  and	  the	  affordances	  that	  are	  created	  out	  of	  his	  interaction	  within	  the	  
world,	  as	  well	  as	  his	  way	  of	  personally	  making	  sense	  of	  his	  experience.	  This	  is	  
something	  that	  I	  have	  been	  trying	  to	  address	  and	  will	  continue	  to	  do	  so,	  as	  I	  see	  it	  as	  
something	  that	  is	  under	  researched.	  
In	  future,	  I	  would	  align	  my	  research	  more	  with	  the	  approach	  taken	  for	  the	  PinKom	  
study,	  where	  expression	  of	  personal	  affordances	  was	  supported	  by	  the	  provision	  of	  
an	  experience	  diary	  (notebook)	  and	  a	  digital	  camera.	  Still,	  the	  problem	  of	  teasing	  out	  
tacit	  knowledge	  and	  indeed	  describing	  haptic	  experience	  is	  no	  mean	  feat,	  but	  a	  
qualitative	  approach	  at	  this	  stage	  and	  for	  this	  field	  (Art	  &	  Design)	  is	  probably	  more	  
appropriate.	  Research	  methods	  around	  personal	  sensemaking,	  such	  as	  personal	  
narratives	  and	  multimodal	  storytelling	  seem	  very	  promising	  in	  the	  direction	  of	  
allowing	  meaning	  to	  emerge	  outside	  of	  linguistic	  description.	  	  
1.4 	  Chapter	  outline	  
Chapter	  1	  contains	  the	  ‘Introduction’	  to	  this	  thesis,	  including	  an	  overview	  of	  relevant	  
terms	  and	  concepts,	  the	  research	  aims,	  questions	  and	  summary	  of	  the	  major	  
contributions,	  the	  description	  of	  the	  relevant	  methodologies	  employed,	  and	  a	  
chapter	  outline.	  
Chapter	  2,	  the	  ‘Literature	  Review’	  consists	  of	  an	  investigation	  of	  literature	  relevant	  
to	  the	  fields	  of	  embodied	  interaction,	  the	  concept	  and	  nature	  of	  touch,	  the	  potential	  
of	  touch	  in	  processes	  of	  communication,	  the	  integration	  of	  touch	  in	  interface	  design	  
and	  some	  research	  around	  multisensory	  practice	  in	  care	  settings.	  
In	  Section	  2.1	  ‘Embodied	  Interaction’,	  some	  of	  the	  relevant	  texts	  and	  particular	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concepts	  relating	  to	  embodied	  interaction	  and	  affordances	  will	  be	  introduced	  and	  
discussed,	  for	  example	  the	  relationship	  of	  touch	  and	  vision	  in	  a	  general	  
contemplation	  of	  multimodality	  and	  the	  holistic	  sensory	  experience,	  based	  on	  
literature	  by	  J.J.	  Gibson,	  Maurice	  Merlau-­‐Ponty,	  Alma	  Noë	  and	  Mark	  Johnson.	  
Metaphors	  and	  Image	  Schemata	  are	  important	  concepts	  for	  this	  thesis	  and	  drawing	  
mainly	  from	  Mark	  Johnson,	  George	  Lakoff	  and	  Jay	  Seitz	  relevant	  literature	  is	  
reviewed	  here.	  
Section	  2.2	  ‘The	  Concept	  of	  Touch’	  contains	  a	  consideration	  of	  the	  cultural	  history	  of	  
the	  senses,	  and	  a	  challenge	  to	  the	  dominant	  ocularcentrism	  –	  this	  will	  provide	  a	  
philosophical	  framework,	  from	  which	  to	  critique	  the	  technological	  development	  thus	  
far,	  which	  has	  been	  biased	  towards	  the	  audiovisual	  senses.	  Charting	  key	  projects	  in	  
the	  literature,	  the	  particular	  qualities	  and	  affordances	  of	  the	  Haptic	  Sense	  will	  be	  
explored.	  
In	  section	  2.3	  ‘The	  Nature	  of	  Touch’,	  literature	  relevant	  to	  the	  non-­‐mediated	  nature	  
of	  touch	  will	  be	  reviewed	  regarding	  the	  importance	  of	  the	  haptic	  senses	  for	  infant	  
development,	  human	  emotions	  and	  nonverbal	  communication.	  This	  serves	  as	  a	  
broad	  fundamental	  exploration	  of	  the	  importance	  of	  touch	  for	  human	  existence.	  
In	  section	  2.4	  ‘Touch	  as	  a	  Medium	  for	  Communication’,	  the	  potential	  for	  touch	  as	  a	  
communicative	  medium	  is	  investigated	  by	  reviewing	  research	  in	  the	  social	  sciences	  
as	  well	  as	  Haptic	  interface	  design	  projects.	  Re-­‐connecting	  to	  the	  theme	  of	  metaphor	  
and	  synaesthesia,	  the	  theory	  of	  semiotics	  is	  introduced	  and	  several	  projects	  will	  be	  
analysed	  for	  their	  successfully	  designed	  sensory	  mappings.	  The	  designed	  interfaces	  
were	  described	  as	  ‘intuitive’,	  although	  this	  also	  points	  towards	  ‘good	  design’.	  The	  
designer’s	  intuition	  in	  this	  case	  communicated	  successfully	  through	  a	  shared	  system,	  
using	  social	  codes	  and	  metaphors.	  Reflecting	  on	  these	  kinds	  of	  intuitions	  becomes	  an	  
important	  part	  of	  the	  design	  process.	  Also,	  particularly	  literature	  relevant	  to	  the	  
function	  of	  touch	  in	  forming	  relationships	  and	  regarding	  its	  affective	  nature	  will	  be	  
reviewed.	  
In	  section	  2.5	  ‘Touch	  and	  Interface	  Design’,	  several	  appropriate	  precedents	  of	  
interface	  design	  projects	  will	  be	  discussed,	  as	  they	  illustrate	  a	  more	  general	  move	  in	  
the	  discipline	  of	  interface	  design	  to	  explore	  the	  senses,	  from	  interactive	  visualization	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to	  interactive	  perceptualization.	  After	  a	  brief	  look	  at	  the	  history	  of	  input	  devices,	  
some	  of	  the	  main	  advantages	  of	  integrating	  the	  haptic	  sense	  in	  interface	  design	  are	  
summarised.	  	  
In	  section	  2.6	  ‘Multisensory	  practice	  in	  care	  settings’,	  appropriate	  concepts	  around	  
Multi-­‐sensory	  environments,	  such	  as	  Snoezelen,	  Montessori’s	  sensorial	  materials	  
and	  Sensory	  Integration	  will	  be	  outlined	  in	  this	  chapter,	  as	  they	  are	  relevant	  to	  the	  
design	  and	  development	  of	  the	  case	  study	  ‘MEDIATE’	  described	  in	  the	  next	  chapter.	  
These	  relate	  mainly	  to	  how	  multisensory	  integration	  is	  dealt	  with	  in	  care	  and	  
educational	  settings,	  with	  or	  without	  the	  employment	  of	  technology.	  	  
In	  Chapter	  3	  ‘	  Interface	  Design	  Case	  Study:	  MEDIATE’,	  the	  project	  MEDIATE	  will	  be	  
described	  as	  an	  example	  for	  innovative,	  full	  body/multi-­‐sensory	  interaction	  design.	  
This	  chapter	  will	  provide	  a	  description	  and	  general	  overview	  of	  the	  project	  scope,	  
rationale	  and	  team.	  Particularly	  the	  interaction	  design	  considerations	  will	  be	  
outlined,	  and	  the	  design	  and	  development	  of	  two	  haptic	  interfaces,	  the	  TuneFork	  
and	  the	  Impression	  Wall,	  will	  be	  described	  in	  depth.	  A	  short	  evaluation	  for	  each	  
design	  element	  is	  contained	  within	  this	  chapter.	  
In	  Chapter	  4	  ‘	  Tactile	  Affordances:	  Haptic	  Box	  Design’,	  the	  design	  and	  
implementation	  of	  the	  Haptic	  Box	  study	  is	  described,	  paying	  particular	  attention	  to	  
the	  selection	  of	  the	  Semantic	  Differential	  as	  an	  appropriate	  research	  method.	  In	  the	  
Haptic	  Box,	  different	  types	  of	  material	  are	  investigated	  for	  their	  communicative	  and	  
metaphorical	  potential,	  and	  the	  relationships	  individuals	  have	  with	  each	  of	  them.	  
The	  data	  collected	  from	  72	  participants	  is	  statistically	  analysed	  and	  some	  conclusions	  
drawn	  from	  this	  research.	  
In	  Chapter	  5	  ‘	  Affordances	  of	  Personal	  Touch:	  PinKom’,	  the	  design	  and	  
implementation	  of	  the	  PinKom	  study	  is	  outlined,	  including	  relevant	  pilot	  studies	  and	  
description	  of	  design	  iterations	  of	  the	  PinKom	  prototype	  device.	  With	  the	  PinKom,	  
personal	  usage	  of	  a	  potential	  Haptic	  Communication	  Device	  and	  the	  kind	  of	  specific	  
affordances	  and	  metaphorical	  uses	  that	  can	  be	  developed	  between	  two	  people	  in	  an	  
intimate	  relationship	  are	  investigated.	  The	  results	  of	  3	  participating	  couples	  are	  
presented	  through	  photographic	  and	  written	  documentation.	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In	  Chapter	  6	  ‘Conclusion’,	  the	  original	  research	  aims	  and	  questions	  for	  this	  thesis	  will	  
be	  revisited,	  and	  the	  findings	  from	  the	  multisensory	  prototype	  design	  case	  study	  
‘MEDIATE,	  and	  the	  research	  studies	  ‘Haptic	  Box’	  and	  ‘PinKom’	  will	  be	  summarised,	  




2 LITERATURE REVIEW	  
2.1 Embodied	  Interaction	  
In	  this	  section,	  the	  philosophical	  and	  conceptual	  approach	  will	  be	  introduced.	  The	  
thesis	  investigates	  interface	  design	  from	  the	  perspective	  of	  a	  theoretical	  framework,	  
which	  embraces	  the	  centrality	  of	  embodied	  interaction,	  while	  considering	  the	  
particular	  affordances	  the	  sense	  of	  touch	  can	  bring	  to	  interface	  design.	  In	  this	  
chapter,	  particularly	  the	  concept	  of	  embodied	  interaction,	  affordances	  and	  enactive	  
perception	  will	  be	  outlined.	  The	  experience	  of	  spatiality,	  the	  relationship	  of	  vision	  
and	  touch	  and	  multimodality	  are	  relevant	  fundamental	  concepts	  to	  contemplate	  and	  
explore	  when	  designing	  interactive	  interfaces	  –	  ensuring	  a	  holistic	  approach,	  
encompassing	  and	  understanding	  the	  user,	  as	  well	  as	  approaching	  the	  field	  of	  design	  




The	  philosophical	  origins	  for	  the	  embodied	  approach	  taken	  in	  this	  thesis	  can	  be	  
traced	  to	  the	  phenomenological	  tradition,	  in	  Merleau-­‐Ponty’s	  work	  on	  the	  embodied	  
mind:	  a	  vision	  of	  the	  self,	  which	  is	  interwoven	  inseparably	  with	  the	  world.	  Critical	  of	  
any	  form	  of	  reductionism	  or	  dualism,	  Merleau-­‐Ponty	  provided	  an	  extensive	  
phenomenological	  account	  of	  our	  ‘being-­‐in-­‐the	  world’,	  making	  us	  aware	  of	  the	  
subject-­‐in-­‐perception	  (Merleau-­‐Ponty,	  2002).	  	  Merleau-­‐Ponty	  provides	  an	  extensive	  
account	  of	  perception	  and	  re-­‐positions	  the	  body	  at	  the	  centre	  of	  any	  experience.	  The	  
cognitivist	  tradition	  of	  seeing	  the	  mind	  as	  separate	  from	  the	  body,	  and	  that	  the	  mind	  
works	  with	  some	  kind	  or	  representations	  of	  the	  external	  world,	  is	  challenged	  by	  
Merleau-­‐Ponty.	  By	  describing	  the	  felt	  experience,	  in	  keeping	  with	  the	  methodologies	  
of	  Phenomenology,	  he	  demonstrates	  how	  the	  body	  is	  the	  internal	  world.	  Moran	  
provides	  a	  comprehensive	  overview	  of	  phenomenology	  and	  explains	  why	  the	  
description	  of	  the	  phenomena	  of	  experience	  is	  particularly	  relevant	  to	  the	  
investigation	  of	  the	  non-­‐verbal,	  something	  which	  is	  picked	  up	  on	  later	  in	  the	  thesis:	  
“Phenomenological	  description	  can	  play	  a	  vital	  role	  in	  reminding	  us	  of	  what	  our	  pre-­‐
reflective	  experience	  is	  like	  against	  various	  philosophical	  and	  scientific	  distortions”	  
(Moran,	  2000,	  p.403).	  	  As	  we	  will	  see,	  the	  research	  of	  and	  design	  for	  the	  sense	  of	  
touch	  has	  detectable	  boundaries	  shaped	  by	  our	  culturally	  and	  historically	  
determined	  view	  of	  the	  senses,	  which	  has	  been	  established	  in	  a	  kind	  of	  hierarchy	  
shaped	  by	  philosophical	  and	  scientific	  values,	  with	  the	  visual	  being	  the	  most	  
dominant,	  most	  celebrated	  and	  the	  most	  considered	  of	  the	  senses.	  	  
From	  the	  perspective	  adopted	  for	  this	  thesis,	  the	  body	  and	  movement	  are	  
considered	  essential	  for	  thought.	  However,	  when	  it	  comes	  to	  researching	  the	  
embodied	  world	  of	  thought,	  some	  difficulties	  arise.	  The	  inner	  somato-­‐sensory	  world	  
is	  difficult	  to	  describe,	  and	  introspective	  accounts	  are	  often	  difficult	  to	  draw	  forth:	  
“Certain	  difficulties	  arise	  when	  considering	  the	  somatic	  senses	  since	  their	  
mechanisms	  and	  interrelations	  are	  less	  familiar,	  the	  presentation	  of	  such	  sensory	  
information	  to	  consciousness	  being	  unclear”	  (Paterson,	  2007,	  p.27).	  Therefore,	  a	  
phenomenological	  approach	  of	  describing	  sensory	  experience	  as	  it	  is,	  without	  
analysis	  and	  reduction	  in	  the	  first	  instance,	  would	  seem	  the	  most	  promising.	  This	  
concept	  is	  a	  driver	  for	  this	  thesis,	  i.e.	  to	  see	  experience	  as	  a	  gestalt,	  although	  there	  
will	  be	  points	  of	  departure	  from	  this	  within	  the	  research	  methodology	  in	  order	  to	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explore	  a	  range	  of	  approaches.	  What	  is	  common	  throughout	  the	  range	  of	  
approaches	  is	  the	  fundamental	  interest	  in	  the	  body	  as	  a	  foundation	  for	  meaning,	  and	  
within	  synaesthesia	  and	  metaphor	  theory	  some	  common	  ground	  can	  be	  found	  for	  
this.	  
2.1.1 Affordances	  and	  Enactive	  Perception	  
All	  these	  offerings	  of	  nature,	  these	  possibilities	  or	  opportunities,	  these	  
affordances	  as	  I	  will	  call	  them,	  are	  invariant.	  (Gibson,	  1979,	  p.	  18)	  
The	  guiding	  theme	  is	  that	  meaning	  grows	  from	  our	  visceral	  connections	  to	  life	  
and	  the	  bodily	  conditions	  of	  life	  (Johnson,	  2007,	  p.	  x)	  
	  
An	  important	  concept	  for	  the	  grounding	  of	  this	  thesis	  is	  the	  one	  of	  enactive	  
perception,	  a	  theory	  of	  perception	  that	  puts	  activity	  at	  the	  heart	  of	  the	  perceptual	  
process.	  The	  thesis	  investigates	  the	  sense	  of	  touch	  from	  the	  perspective	  of	  an	  
interface	  designer,	  applying	  the	  theory	  of	  affordances	  as	  described	  by	  American	  
psychologist	  James	  Jerome	  Gibson,	  which	  is	  embedded	  in	  an	  enactive	  view	  of	  the	  
person	  perceiving	  and	  making	  sense	  of	  the	  world.	  	  
As	  a	  designer,	  I	  am	  interested	  in	  the	  affordances	  that	  the	  sense	  of	  touch	  has	  when	  
interacting	  with	  digital	  content	  or	  through	  telecommunications	  networks.	  Although	  
Gibson	  writes	  about	  visual	  perception,	  as	  will	  be	  shown,	  the	  relationship	  of	  the	  visual	  
and	  haptic	  sense	  is	  an	  interesting	  one	  to	  examine	  -­‐	  there	  are	  not	  just	  physiological	  
and	  psychological	  questions	  to	  be	  answered,	  but	  also	  a	  wider	  philosophical	  context	  
to	  be	  considered.	  Gibson	  also	  puts	  forward	  the	  idea	  of	  perceptual	  systems	  (Gibson,	  
1966),	  rather	  than	  a	  number	  of	  senses	  as	  separate	  entities,	  which	  goes	  some	  way	  
towards	  tackling	  the	  complex	  question	  of	  how	  many	  senses	  we	  actually	  have,	  and	  to	  
some	  extent	  also	  allows	  an	  investigation	  of	  all	  sensorial	  perception	  in	  unison,	  for	  




Heft,	  in	  a	  review	  of	  Gibson’s	  work	  explains	  that	  affordances,	  in	  this	  sense,	  are	  not	  
metaphysical	  concepts,	  but	  perceivable	  properties	  of	  the	  world,	  that	  they	  carry	  
inherent	  meaning	  for	  the	  perceiver.	  
An	  affordance	  is	  the	  perceived	  functional	  significance	  of	  an	  object,	  event,	  or	  
place	  for	  an	  individual.	  For	  example,	  a	  firm,	  obstacle-­‐free	  ground	  surface	  is	  
perceivable	  as	  a	  surface	  on	  which	  one	  can	  walk.	  (Heft,	  2005,	  p.122)	  
Gibson	  states	  that	  this	  meaning	  reveals	  itself	  by	  the	  individual	  acting	  and	  interacting	  
with	  his	  surroundings,	  that	  the	  relationship	  of	  actor	  and	  environment	  is	  where	  
meaning	  is	  created,	  a	  process	  that	  he	  calls	  an	  ecological	  approach	  to	  perception.	  The	  
individual	  here	  is	  part	  of	  an	  ecology	  in	  which	  his	  activity	  brings	  forth	  perception	  in	  
the	  understanding	  and	  making	  sense	  of	  the	  world.	  Noë	  also	  considers	  activity	  as	  key	  
to	  perception:	  “The	  enactive	  view	  challenges	  neuroscience	  to	  devise	  new	  ways	  of	  
understanding	  the	  neural	  basis	  of	  perception	  and	  consciousness”	  (Noë,	  2004,	  p.2).	  
Sensorimotor	  knowledge	  for	  him	  is	  the	  way	  we	  are	  able	  to	  build	  a	  picture	  of	  the	  
world,	  a	  picture	  meaningful	  to	  us.	  It	  should	  be	  noted	  that	  the	  two	  approaches	  differ	  
somewhat:	  the	  ecological	  approach	  (Gibson)	  perceptual	  invariants	  are	  based	  on	  
transformations	  produced	  in	  the	  sensory	  array	  (transformation-­‐specific),	  whereas	  in	  
the	  sensorimotor	  approach	  (Noë)	  perceptual	  invariants	  are	  tied	  to	  specific	  
movements	  (motor-­‐specific)	  (Mossio	  &	  Taraborelli,	  2008).	  Seitz	  (2005)	  cites	  evidence	  
relating	  to	  the	  overlapping	  of	  motor	  areas	  and	  cognitive	  functions,	  providing	  a	  
scientific	  basis	  for	  the	  philosophical	  position	  that	  the	  body	  and	  mind	  are	  intertwined	  
(Seitz	  2000).	  This	  is	  mirrored	  and	  further	  explored	  by	  Johnson	  in	  his	  most	  recent	  
book	  “The	  Meaning	  of	  the	  Body”	  in	  which	  he	  quotes	  recent	  literature	  of	  the	  
cognitive	  science	  that	  delivers	  evidence	  against	  the	  traditional	  dualist	  view	  of	  a	  
body–mind	  separation.	  Gibson	  also	  refutes	  Kant’s'	  claim	  that	  'percepts	  without	  
concepts	  are	  blind'	  by	  insisting	  that	  it	  is	  quite	  the	  opposite,	  that	  we	  need	  our	  
experience	  to	  build	  concepts.	  (Gibson,	  1979,	  p.3)	  He	  proposes	  a	  whole	  new	  way	  of	  
categorizing,	  away	  from	  the	  reductionist	  view,	  and	  towards	  thinking	  about	  
relationships	  and	  interactions	  of	  living	  beings	  in	  their	  environment.	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2.1.1.1 Holistic	  Sensory	  Experience	  	  
One	  of	  the	  major	  points	  to	  be	  discussed	  here	  is	  how	  one	  perceives	  space	  -­‐	  Gibson	  
proposes	  that	  the	  Cartesian	  space	  and	  Geometry	  are	  just	  artificial	  concepts	  that	  
indoctrinate	  how	  we	  perceive	  space,	  rather	  than	  explain	  it.	  The	  categorization	  
derived	  for	  physics	  for	  example,	  Gibson	  considers	  not	  to	  be	  useful	  for	  a	  discipline	  
such	  as	  psychology,	  as	  this	  is	  an	  area	  where	  one	  deals	  with	  the	  living	  being's	  
perception,	  which	  is	  incongruent	  with	  some	  of	  the	  imperceivable	  categories	  physics	  
describes,	  and	  an	  'ecological	  approach	  to	  perception',	  i.e.	  considering	  the	  living	  
being	  relative	  to	  their	  environment,	  becomes	  more	  important.	  
A	  very	  good	  example	  of	  our	  personal	  relationship	  to	  scale	  is	  the	  grains	  of	  sand	  he	  
describes	  (Gibson,	  1979,	  p.10):	  they	  tend	  to	  be	  of	  similar	  size	  the	  whole	  world	  round.	  
They	  are	  not	  exactly	  uniform,	  but	  roughly	  similar	  enough	  for	  us	  to	  build	  up	  a	  picture	  
of	  scale	  when	  comparing	  a	  grain	  of	  sand	  to	  a	  pebble.	  Those	  relationships	  are	  within	  
us	  and	  are	  directly	  perceived.	  What	  matters	  to	  Gibson	  are	  the	  things	  that	  we	  
perceive,	  not	  physical	  facts	  (as	  described	  by	  physical	  law).	  For	  example,	  a	  block	  of	  ice	  
melting	  –	  in	  physics,	  nothing	  ceases	  to	  exist,	  it	  is	  transformed	  into	  matter	  and	  energy	  
–	  however	  in	  our	  perception,	  that	  block	  of	  ice	  is	  gone,	  and	  an	  act	  of	  disappearance	  
can	  have	  psychological	  consequences.	  Gibson	  further	  rejects	  the	  idea	  of	  a	  perception	  
of	  space	  entirely:	  
We	  live	  in	  an	  environment	  consisting	  of	  substances	  that	  are	  more	  or	  less	  
substantial;	  of	  a	  medium,	  the	  gaseous	  atmosphere;	  and	  of	  the	  surfaces	  that	  
separate	  these	  substances	  from	  the	  medium.	  We	  do	  not	  live	  in	  'space'.	  
	  (Gibson,	  1979,	  p.32)	  
This	  rejection	  of	  an	  idea	  of	  an	  experience	  of	  space	  has	  consequences	  for	  how	  one	  
imagines	  the	  world	  of	  a	  blind	  person.	  Traditionally,	  it	  has	  been	  assumed	  that	  blind	  
people	  are	  ‘in	  the	  dark’	  and	  are	  therefore	  missing	  something	  from	  their	  experience.	  
However,	  a	  congenitally	  blind	  person’s	  experience	  of	  perception,	  as	  briefly	  
introduced	  earlier,	  may	  be	  so	  fundamentally	  different	  to	  how	  we	  traditionally	  
imagine	  it	  that	  they	  are	  not	  aware	  of	  a	  ‘deficit’.	  It	  would	  be	  similar	  to	  us	  bemoaning	  
the	  fact	  we	  do	  not	  possess	  the	  sense	  of	  smell	  of	  a	  bloodhound.	  We	  would	  simply	  not	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be	  aware	  of	  what	  is	  ‘missing’.	  	  
This	  understanding	  of	  perception	  is	  relevant	  to	  interface	  designers,	  who	  deal	  with	  
creating	  multisensory	  experiences	  that	  do	  not	  necessarily	  follow	  the	  law	  of	  physics,	  
but	  nevertheless	  need	  to	  make	  sense	  to	  the	  user	  in	  some	  way.	  The	  physical	  law	  here	  
is	  not	  important,	  but	  rather	  the	  relationship	  of	  the	  user	  to	  sensory	  stimulation,	  and	  
how	  they	  make	  sense	  of	  it.	  Similarly,	  the	  exploration	  of	  the	  multimodality	  and	  
crossmodality	  of	  the	  senses,	  particularly	  the	  relationship	  of	  touch	  to	  vision,	  can	  
further	  inform	  the	  designer	  when	  creating	  interactive	  multisensory	  experience	  –	  
perhaps	  avoiding	  a	  viewpoint	  of	  a	  mere	  ‘translation’	  from	  one	  sense	  to	  another,	  and	  
rather	  contemplating	  a	  more	  holistic	  process.	  
2.1.1.2 The	  Relationships	  of	  Touch	  and	  Vision	  
Noë	  cites	  the	  example	  of	  the	  blind	  man	  experiencing	  the	  world	  –	  this,	  he	  says,	  is	  
comparable	  to	  the	  way	  ‘the	  world	  makes	  itself	  available	  to	  the	  perceiver	  through	  
physical	  movement	  and	  interaction’	  (Noë,	  2004,	  p.1).	  In	  fact,	  this	  is	  an	  example	  that	  
turns	  up	  in	  the	  literature	  several	  times	  –	  Merleau-­‐Ponty	  (2002,	  p.176)	  states	  that	  
when	  a	  blind	  person	  is	  using	  a	  stick,	  it	  becomes	  more	  than	  the	  instrument	  to	  see,	  it	  
becomes	  his	  sense	  organ.	  Paterson	  describes	  in	  detail	  the	  story	  by	  Denis	  Diderot	  in	  
‘Letter	  on	  the	  Blind’	  of	  1749	  (Paterson,	  2007,	  p.37),	  which	  is	  an	  account	  on	  how	  
blindness	  is	  perceived	  by	  the	  sighted	  and	  allows	  several	  conclusions	  about	  the	  errors	  
and	  shortcomings	  of	  this	  view.	  If	  one	  see	  the	  senses	  are	  separate,	  and	  as	  
translatable,	  then	  the	  world	  of	  the	  blind	  must	  be	  seen	  as	  impoverished.	  However,	  
there	  are	  still	  many	  questions	  to	  be	  answered,	  for	  example	  how	  congenitally	  blind	  
people	  experience	  spatiality,	  and	  whether	  this	  relates	  to	  vision.	  	  
Paterson	  re-­‐counts	  the	  problem	  of	  the	  ‘Molyneux’	  question	  (Paterson,	  2007,	  p.39),	  
which	  is	  the	  question	  occupying	  a	  lot	  of	  philosophical	  debate	  over	  the	  last	  few	  
centuries,	  which	  asks	  whether	  a	  congenitally	  blind	  person,	  after	  a	  cataract	  operation,	  
would	  be	  able	  to	  tell	  the	  difference	  between	  a	  sphere	  and	  a	  cube,	  by	  vision	  alone.	  
This	  debate	  was	  started	  before	  cataract	  operations	  were	  possible,	  but	  is	  still	  not	  
clearly	  answered	  now.	  There	  are	  experiential	  differences	  between	  being	  congenitally	  
blind	  and	  having	  had	  some	  sight	  for	  some	  time,	  or	  some	  residual	  sight,	  and	  a	  lot	  of	  
early	  research	  failed	  to	  control	  for	  this	  in	  the	  early	  days	  of	  the	  first	  cataract	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operations.	  Noë	  (2004)	  refers	  to	  this	  phenomenon	  of	  newly	  acquiring	  ‘sight’	  as	  
‘experiential	  blindness’	  –	  the	  light	  may	  hit	  the	  retina,	  but	  the	  meaning	  of	  the	  light	  is	  
indecipherable	  as	  yet.	  There	  have,	  by	  now,	  been	  successful	  cataract	  operations,	  and	  
particularly	  Sacks	  (1995)	  and	  Gregory	  (1963)	  have	  described	  extensive	  case	  studies.	  
Oliver	  Sacks	  (1995)	  recounts	  a	  story	  in	  "An	  Anthropologist	  on	  Mars"	  (To	  See	  or	  Not	  
To	  See),	  throwing	  up	  very	  interesting	  questions	  to	  the	  necessity	  to	  'force'	  everybody	  
to	  see	  and	  ‘be	  like	  the	  norm’	  –	  and	  indeed	  what	  this	  norm	  would	  look	  or	  feel	  like.	  He	  
quotes	  a	  similar	  case	  described	  by	  Gregory	  (1963)	  extensively.	  It	  brings	  up	  the	  idea	  
that	  'curing'	  the	  blind	  at	  any	  price	  may	  not	  be	  the	  desired	  cause	  of	  action.	  This	  blind	  
man	  was	  encouraged	  to	  have	  the	  operation	  by	  his	  wife	  before	  their	  wedding,	  but	  
became	  very	  upset	  with	  not	  being	  at	  home	  in	  either	  world.	  He	  happily	  worked	  as	  a	  
masseur	  for	  years,	  but	  became	  upset	  at	  the	  sight	  of	  everybody's	  bodies,	  so	  he	  ended	  
up	  preferring	  to	  shut	  his	  eyes.	  His	  sight	  was	  not	  restored	  without	  problems,	  and	  at	  
times	  he	  would	  choose	  not	  to	  see,	  or	  not	  be	  conscious	  of	  seeing.	  Another	  interesting	  
case	  study	  here	  is	  that	  of	  the	  blind	  painter	  Esref	  Armagan.	  He	  uses	  perspective	  and	  
also	  colour	  in	  his	  paintings,	  merely	  from	  what	  people	  have	  told	  him	  about	  it,	  as	  he	  
has	  not	  experienced	  them	  himself.	  So	  some	  things	  were	  learned,	  but	  even	  the	  fact	  
that	  he	  could	  learn	  them	  is	  astounding	  (Motluk,	  2005).	  Added	  to	  the	  problem	  of	  
performing	  a	  mental	  leap	  to	  perceive	  the	  haptic	  modality	  as	  anything	  else	  but	  a	  
translation	  of	  the	  visual,	  this	  is	  hampered	  by	  the	  fact	  that	  to	  assume	  what	  we	  feel	  is	  
equivalent	  to	  what	  others	  feel	  is	  a	  question	  of	  what	  philosophical	  commitment	  you	  
make	  –	  but	  also,	  practically,	  it	  is	  difficult	  to	  understand	  another’s	  sensory	  
perception,	  not	  just	  because	  it	  is	  difficult	  to	  understand,	  but	  it	  is	  difficult	  to	  be	  aware	  
of	  and	  report	  on	  sensory	  perception	  in	  general.	  	  Even	  a	  phenomenological	  account,	  a	  
description	  of	  ‘feeling’	  and	  experience	  will	  not	  necessarily	  report	  all	  the	  unconscious	  
processes	  of	  an	  individual’s	  feeling	  and	  perceiving.	  	  
However	  sophisticated	  the	  questioning,	  qualitative	  inquiry	  is	  hampered	  by	  the	  
attempt	  to	  gauge	  empirically	  the	  sensory	  contents	  of	  another	  person's	  
consciousness,	  and	  this	  problem	  persists	  in	  current	  examinations	  of	  experiences	  
of	  blindness.	  (Paterson,	  2007,	  p.43)	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This	  is	  something	  that	  Johnson	  (2007)	  notes	  and	  suggests	  that	  we	  combine	  
phenomenological	  methods	  with	  empirical	  methods,	  and	  in	  his	  book,	  he	  mainly	  
draws	  on	  recent	  literature	  in	  the	  cognitive	  sciences.	  He	  sees	  the	  combination	  of	  
philosophical	  thought	  with	  recent	  findings	  about	  the	  working	  of	  the	  brain	  as	  
essential.	  
The	  problem	  of	  how	  the	  sighted	  perceive	  blindness,	  and	  what	  conceptual	  and	  
philosophical	  boundaries	  lead	  to	  misunderstanding,	  has	  been	  introduced	  here	  to	  
help	  further	  the	  understanding	  of	  sensory	  perception	  and	  embodied	  interface	  
design.	  Is	  the	  visual	  sense	  comparable	  with	  the	  haptic	  sense,	  and	  in	  what	  ways	  do	  
they	  interact?	  Can	  dimensions	  such	  as	  magnitude,	  distance,	  perspective	  and	  form	  be	  
directly	  translated?	  What	  would	  purely	  haptic	  spatiality	  really	  'feel	  like',	  and	  how	  can	  
one	  talk	  about	  it?	  The	  section	  above	  discusses	  in	  some	  depth	  the	  relationship	  of	  
touch	  and	  vision	  serves	  to	  exemplify	  the	  complicated	  nature	  of	  sensory	  interaction	  
and	  integration	  –	  these	  processes	  are	  still	  not	  fully	  explained,	  in	  spite	  of	  
philosopher’s	  and	  scientists’	  efforts	  for	  centuries.	  However,	  designing	  for	  
multisensory	  interaction	  must	  be	  informed	  by	  these	  discussion	  –	  it	  may	  even	  serve	  
as	  a	  useful	  platform	  to	  help	  answering	  some	  of	  these	  questions.	  	  
2.1.1.3 Relating	  to	  Art	  Objects	  and	  making	  Art	  to	  Touch	  
While	  discussing	  the	  relationship	  of	  touch	  and	  vision,	  it	  may	  also	  be	  useful	  to	  
contemplate	  how	  the	  arts	  have	  dealt	  with	  some	  these	  issues,	  and	  what	  they	  might	  
bring	  further	  not	  just	  as	  the	  ‘Visual	  Arts’,	  but	  also	  perhaps	  as	  the	  ‘Haptic	  Arts’.	  
Recently,	  a	  re-­‐evaluation	  on	  our	  distanced,	  objective	  relationship	  with	  art	  objects	  
has	  taken	  place	  -­‐	  also	  including	  a	  discussion	  about	  accessibility	  on	  many	  levels.	  
Therefore,	  a	  lot	  of	  effort	  in	  Haptic	  Design	  is	  in	  making	  art	  work	  haptically	  explorable	  -­‐	  
giving	  the	  blind	  access	  to	  traditional	  art,	  but	  also	  allowing	  everybody	  to	  touch	  and	  
form	  their	  own	  relationship	  with	  the	  piece.	  This	  throws	  up	  interesting	  questions	  
about	  access	  and	  why	  we	  need	  it.	  For	  example,	  it	  is	  incorrect	  to	  assume	  that	  it	  is	  
always	  desirable	  to	  translate	  a	  2D-­‐representation	  of	  the	  world,	  i.e.	  a	  painting,	  into	  a	  
raised	  outline	  image	  for	  a	  congenitally	  blind	  person	  to	  explore,	  as	  a	  2D-­‐
representation	  in	  itself	  may	  be	  impossible	  to	  grasp.	  To	  merely	  translate	  or	  adapt	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from	  the	  visual	  may	  not	  be	  a	  good	  solution,	  to	  ensure	  full	  inclusion	  the	  sense	  of	  
touch	  and	  its	  affordances	  should	  be	  kept	  in	  mind	  while	  actually	  creating	  the	  artwork.	  
The	  exhibition	  "Tactual	  Exploration"	  was	  specifically	  curated	  by	  Isil	  Onol	  (Onol,	  2006)	  
around	  artwork	  explored	  and	  explorable	  by	  touch.	  Different	  interpretations	  of	  a	  
historical	  museum	  piece	  (a	  Bronze	  bust	  of	  Sophocles)	  were	  created,	  which	  is	  
normally	  kept	  behind	  glass	  in	  the	  British	  Museum	  and	  therefore	  out	  of	  reach	  to	  the	  
touch	  of	  most	  people.	  This	  exhibition	  was	  conceived	  to	  challenge	  the	  dominance	  of	  
the	  visual	  in	  art	  viewing	  spaces	  and	  explore	  some	  of	  the	  possibilities	  that	  a	  closer	  
consideration	  of	  the	  sense	  of	  touch	  can	  bring.	  	  
	  
Fig	  1	   	  Tactual	  Explorations	  Exhibition	  (Onol,	  2007)	  
	  
Fig	  2	   PureForm	  Museum	  (PureForm,	  2003)	  
It	  also	  throws	  up	  questions	  about	  how	  we	  relate,	  or	  how	  we	  are	  allowed	  to	  relate	  to	  
art.	  Traditionally,	  gallery	  and	  museum	  pieces	  are	  not	  allowed	  to	  be	  touched.	  This	  is	  
obviously	  to	  prevent	  premature	  erosion	  and	  damage,	  but	  it	  also	  serves	  to	  create	  a	  
sense	  of	  awe	  and	  respect,	  as	  well	  as	  forcing	  a	  perspective	  and	  creating	  distance.	  To	  
touch	  something	  may	  reveal	  something	  new,	  add	  another	  dimension,	  but	  also	  
declare	  and	  signify	  ownership.	  One	  becomes	  part	  of	  the	  artwork,	  feels	  included	  -­‐	  but	  
on	  the	  other	  hand,	  the	  piece	  becomes	  devalued.	  Not	  just	  because	  it	  may	  get	  dirty,	  
but	  also	  because	  everyone	  can	  touch	  it.	  What	  would	  that	  do	  to	  the	  modern	  value	  
placed	  on	  the	  objet	  d'art?	  The	  notion	  of	  the	  aura	  of	  an	  art	  object	  has	  to	  be	  re-­‐
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negotiated	  with	  the	  arrival	  of	  virtual	  technologies,	  and	  even	  more	  so	  with	  the	  arrival	  
of	  Haptic	  technologies.	  
For	  example,	  there	  are	  substantial	  efforts	  to	  make	  existing	  museum	  art	  explorable	  
by	  haptic	  feedback	  devices.	  In	  these	  projects,	  a	  3D	  virtual	  computer	  model	  of	  an	  
existing	  statue	  is	  being	  explored	  through	  a	  haptic	  device	  of	  choice	  –	  a	  PHANToM,	  or	  
a	  whole	  exoskeletal	  suit.	  Although	  the	  sense	  of	  touch	  even	  through	  these	  kind	  of	  
haptic	  tools	  is	  still	  powerful,	  for	  my	  investigation	  this	  kind	  of	  approach	  was	  less	  
suitable,	  as	  it	  remains	  a	  literal	  translation	  into	  the	  digital	  realm,	  not	  harnessing	  any	  
possibilities	  of	  fusing	  and	  mapping	  sensory	  output	  in	  new	  and	  interesting	  ways,	  and,	  
albeit	  more	  powerful	  than	  just	  looking	  at	  a	  screen,	  inevitably	  means	  leaving	  behind	  
the	  qualities	  of	  a	  real	  object.	  This	  way	  of	  representing	  art	  has	  got	  its	  place	  and	  
justification	  as	  a	  way	  of	  exploring	  the	  idea	  of	  virtual	  touch	  and	  touch	  over	  distance	  
and	  Paterson	  (2007)	  provides	  a	  good	  overview	  of	  the	  issues	  that	  may	  be	  considered	  
here,	  but	  is	  a	  completely	  different	  thing	  to	  actually	  thinking	  about	  touch,	  creativity	  
and	  art	  and	  incorporating	  the	  inherent	  value	  of	  touch	  into	  an	  art	  work	  or	  into	  the	  art	  
and	  design	  process.	  
Because	  the	  senses	  are	  less	  involved	  and	  the	  imagination	  has	  free	  play,	  art	  can	  
touch	  us	  to	  pity,	  shame,	  revulsion,	  and	  can	  send	  us	  away	  reflective	  and	  
conscious	  of	  an	  abuse	  that	  needs	  redress.	  (Stephenson	  &	  Phelps,	  1989,	  p.203)	  
To	  take	  this	  further	  though,	  what	  may	  happen	  if	  the	  distancing	  of	  the	  art	  object	  is	  
non-­‐existent	  anymore?	  The	  art	  of	  touch	  renegotiates	  this	  boundary	  –	  you	  touch	  the	  
object	  /	  it	  touches	  you	  –	  literally	  –	  you	  can	  possess	  it,	  but	  equally	  it	  can	  possess	  you.	  
At	  present,	  in	  the	  main,	  art	  depicts	  otherness	  which	  you	  can	  engage	  with,	  be	  
affected	  by,	  but	  it	  is	  at	  arm’s	  length.	  The	  senses	  of	  taste,	  touch	  and	  smell	  could	  have	  
an	  implied	  ability	  to	  challenge	  the	  status	  quo,	  by	  being	  able	  to	  literally	  get	  under	  
your	  skin.	  Art	  that	  changes	  to	  primarily	  being	  engaged	  with	  by	  touch	  can	  potentially	  
depict	  otherness,	  which	  you	  can	  find	  becomes	  (or	  you	  may	  fear	  becomes)	  part	  of	  
your	  own	  embodiment,	  far	  less	  easy	  to	  leave	  behind,	  to	  dis-­‐engage	  from.	  This	  is	  the	  
art	  of	  invasion,	  of	  possible	  loss/extension/re-­‐definition	  of	  self.	  This	  has	  to	  happen	  
playfully	  with	  a	  clearly	  marked	  context,	  and	  be	  under	  the	  user’s	  control.	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2.1.1.4 Feeling	  the	  Relationship	  between	  Touch	  and	  Vision	  in	  Mark	  Making	  
At	  the	  “Tactual	  Explorations”	  exhibition,	  3D	  artist	  and	  designer	  Tom	  Ainsworth	  
(Ainsworth,	  n.d.)	  led	  a	  workshop	  around	  his	  research	  around	  tactile	  imagery.	  In	  his	  
pieces,	  he	  thoroughly	  explores	  the	  different	  qualities	  perceivable	  by	  touch	  and	  the	  
relationship	  of	  vision	  and	  touch	  for	  creativity.	  Little	  black	  bags	  containing	  items	  of	  
different	  shape,	  size,	  weight,	  and	  texture	  were	  handed	  out	  and	  the	  exercises	  in	  the	  
workshop	  revolved	  around	  feeling	  the	  items,	  drawing	  marks	  on	  paper	  with	  coal	  and	  
passing	  the	  paper	  around	  and	  adding	  to	  them.	  This	  process	  was	  also	  reversed,	  where	  
3D-­‐objects	  were	  formed	  out	  of	  paper	  and	  later	  drawn.	  In	  one	  of	  Ainsworth’s	  
workshops	  he	  asked	  people	  to	  describe	  the	  tactile	  qualities	  of	  an	  object	  in	  5	  words,	  
and	  drawing	  the	  object	  as	  well.	  In	  the	  later	  group	  discussion,	  he	  found	  that	  the	  
words	  chosen	  to	  describe	  tactile	  qualities	  were	  definitely	  corresponding	  to	  the	  
shapes	  drawn	  on	  paper.	  There	  was	  some	  relationship	  between	  verbal	  description	  
and	  visual	  expression,	  describing	  the	  tactile	  experience.	  For	  example,	  “the	  five	  verbal	  
descriptions	  for	  this	  particular	  piece	  were:	  'rounded',	  'woven',	  'gripped',	  'bouncy',	  
and	  'smooth'.	  On	  viewing	  the	  drawing	  (figure	  4),	  it	  is	  unquestionable	  that	  each	  of	  the	  
words	  has	  been	  successfully	  embraced:	  the	  page	  is	  covered	  with	  circular	  marks	  -­‐	  
directly	  illustrating	  both	  woven	  and	  gripped	  surfaces	  and	  also	  encapsulating	  
smoothness”	  (Ainsworth,	  n.d.).	  Ainsworth	  concluded	  that	  while	  these	  shapes	  do	  not	  
come	  near	  to	  being	  a	  visual	  representation	  of	  the	  actual	  hidden	  item,	  they	  certainly	  
help	  to	  represent	  and	  communicate	  key	  essential	  
	   	   	  
Fig	  3	   	  Tom	  Ainsworth	  workshop	  –drawing	  tactile	  qualities	  of	  objects	   Fig	  4	   Mark	  making	  depicting	  
tactile	  qualities	  of	  an	  object	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tactile	  qualities.	  Ainsworth’s	  insistence	  on	  actually	  working	  on	  the	  real	  inherent	  
qualities	  of	  the	  touch	  experience	  is	  innovative	  and	  fascinating	  and	  bears	  a	  lot	  of	  
potential	  for	  the	  creative	  harnessing	  of	  haptic	  interactions.	  
Some	  of	  these	  concepts	  of	  synaesthesia	  and	  metaphor	  will	  be	  further	  described	  later	  
on	  in	  thesis	  –	  particularly	  the	  example	  referred	  to	  by	  Ramachandran	  (2001)	  about	  
the	  words	  ‘buba’	  and	  ‘kiki’	  having	  particular	  resonances	  with	  haptic	  shapes,	  or	  our	  
image	  schema	  of	  these	  shapes.	  For	  this	  section,	  Ainsworth’s	  research	  and	  the	  
‘Tactual	  Exploration’	  exhibition	  serve	  as	  a	  tangible	  examples	  of	  how	  not	  only	  artists	  
can	  contribute	  to	  the	  discussion	  about	  the	  relationship	  of	  touch	  and	  vision,	  and	  
further	  multimodal	  processes,	  but	  also	  how	  art	  can	  embrace	  multimodality	  fully,	  
rather	  than	  the	  haptic	  being	  a	  substitute	  for	  vision	  (which,	  as	  discussed,	  is	  not	  
possible	  nor	  appropriate,	  as	  they	  are	  always	  related).	  The	  experiments	  around	  
vision,	  touch	  and	  verbal	  description	  also	  might	  offer	  some	  way	  into	  those	  tacit	  
experiences	  which	  are	  difficult	  to	  verbalize	  otherwise.	  
2.1.1.5 Multimodal	  Experience	  
	  Merleau-­‐Ponty	  states	  on	  the	  subject	  of	  multimodality	  and	  a	  possible	  ‘translation’	  of	  
sense	  data,	  that	  this,	  from	  a	  phenomenological	  point	  of	  view,	  cannot	  be	  separated:	  
Thus	  the	  connecting	  link	  between	  the	  parts	  of	  our	  body	  and	  that	  between	  our	  
visual	  and	  tactile	  experience	  are	  not	  forged	  gradually	  and	  cumulatively.	  I	  do	  not	  
translate	  the	  'data	  of	  touch'	  into	  the	  'language	  of	  seeing'	  or	  vice	  versa	  -­‐	  I	  do	  not	  
bring	  together	  one	  by	  one	  parts	  of	  my	  body;	  this	  translation	  and	  this	  unification	  
are	  performed	  once	  and	  for	  all	  within	  me:	  they	  are	  my	  body,	  itself.	  	  
(Merleau-­‐Ponty,	  2002,	  p.173)	  
Several	  authors	  reject	  the	  idea	  of	  using	  vision	  as	  a	  model	  for	  perception,	  and	  
particularly	  vision	  as	  a	  ‘snapshot’	  or	  ‘photograph’.	  The	  idea	  that	  the	  eye	  enables	  us	  
to	  create	  internal	  representations	  in	  the	  brain	  is	  increasingly	  being	  disputed,	  by	  Noë	  
(2007),	  Johnson	  (2007),	  Gibson	  (1979)	  and	  Merleau-­‐Ponty	  (2002).	  Gibson	  and	  Noë	  in	  
particular	  challenge	  the	  idea	  of	  the	  homunculus	  fallacy,	  “or	  the	  fallacy	  of	  the	  little	  
man	  in	  the	  head”	  (Gibson,	  1979,	  p.44),	  that	  there	  is	  someone	  in	  the	  brain	  that	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‘receives’	  pictures	  and	  other	  sensory	  stimuli	  to	  make	  sense	  of	  them	  in	  some	  way,	  or	  
a	  so	  called	  representational	  view	  of	  the	  mind.	  	  
Multimodality	  is	  in	  and	  of	  itself	  not	  a	  clear-­‐cut	  concept.	  Ever	  since	  Aristotle	  
(350BC/1987)	  wrote	  about	  the	  senses,	  the	  number	  of	  senses	  and	  their	  relation	  to	  
each	  other	  has	  been	  discussed	  and	  investigated.	  Currently,	  the	  traditional	  view	  of	  
five	  separate	  senses	  is	  being	  challenged	  by	  scientific	  research	  showing	  the	  amazing	  
plasticity	  of	  the	  brain,	  for	  example,	  and	  the	  capability	  of	  people	  with	  sensory	  
disabilities	  to	  perform	  certain	  activities	  that	  light	  up	  seemingly	  inactive	  brain	  areas.	  
Paterson	  discusses	  the	  issue	  of	  sensory	  perception	  being	  cross-­‐modal	  or	  a-­‐modal,	  
which	  means	  that	  there	  would	  be	  “sensory	  information	  prior	  to	  its	  processing	  as	  
specifically	  audile,	  visual,	  tactile”	  (Paterson,	  2007,	  pp.	  38-­‐39).	  Paterson	  proposes	  that	  
‘mental	  images’	  in	  the	  blind	  “are	  neither	  specifically	  visual	  or	  spatial”	  (ibid,	  p.	  44),	  
and,	  based	  on	  Graven	  (2003);	  that	  perception	  is	  more	  a-­‐modal	  than	  cross-­‐modal,	  
and	  that	  the	  encoding	  process	  happens	  at	  a	  lower	  level	  than	  memory.	  The	  question	  
is	  whether	  the	  brain	  really	  processes	  experiences	  in	  different	  areas	  -­‐	  some	  research	  
by	  Alvaro	  Pascual-­‐Leone	  at	  Harvard	  University	  (Pascual-­‐Leone,	  2001)	  has	  shown	  
blind	  people	  to	  use	  the	  visual	  cortex	  when	  they	  read	  Braille.	  Not	  only	  could	  other	  
areas	  of	  the	  brain	  take	  over	  tasks	  involving	  other	  senses,	  it	  was	  shown	  that	  this	  could	  
be	  reversed	  and	  this	  could	  happen	  so	  quickly	  (within	  a	  five	  day	  period)	  that	  it	  was	  
too	  quick	  to	  be	  the	  result	  of	  new	  connections	  forming.	  To	  view	  the	  brain	  as	  
"structured	  in	  parallel,	  segregated	  systems	  processing	  different	  types	  of	  sensory	  
signals"	  (Motluk,	  2001,	  p.26)	  may	  be	  a	  false	  assumption.	  Pascual-­‐Leone	  therefore	  
suggested	  a	  ‘metamodal’	  view	  of	  the	  brain	  organised	  by	  tasks,	  with	  every	  area	  
helping	  out	  to	  guarantee	  optimal	  performance	  -­‐	  i.e.	  calculating	  distance,	  or	  timing	  
intervals.	  Because	  the	  senses	  can	  work	  together,	  this	  helps	  sometimes	  decode	  
ambiguous	  information.	  In	  interface	  design,	  this	  kind	  of	  processing	  can	  be	  harvested	  
to	  create	  a	  desired	  effect,	  creating	  an	  illusion	  of	  a	  holistic	  experience	  by	  adding	  and	  
interweaving	  sensory	  information	  –	  for	  example,	  balls	  on	  screen	  seem	  to	  bounce	  
when	  a	  sound	  of	  a	  bounce	  is	  added	  (Sekuler	  et	  al,	  1997).	  Motluk’s	  suggestion	  is	  that	  
"apparently	  the	  brain	  will	  not	  let	  us	  draw	  contradictory	  conclusions	  from	  two	  
different	  senses."	  (Motluk,	  2001,	  p.26).	  These	  sorts	  of	  multimodal	  and	  multisensory	  
capabilities	  of	  the	  brain	  can	  certainly	  be	  harvested	  in	  the	  design	  for	  Human-­‐
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Computer	  interaction.	  The	  effects	  of	  illusions	  and	  brain	  trickery	  have	  long	  been	  used	  
in	  art	  forms	  such	  as	  animation,	  and	  could	  also	  provide	  a	  possible	  solution	  to	  
including	  the	  Haptic	  sense	  in	  a	  more	  imaginative	  form.	  The	  New	  Scientist	  websites	  
provides	  an	  overview	  of	  some	  illusions	  related	  to	  the	  sense	  of	  touch	  (Lawton,	  n.d.),	  
particularly	  interesting	  are	  the	  Rubber	  Hand	  illusion,	  where	  we	  are	  tricked	  to	  
perceive	  a	  rubber	  hand	  as	  our	  own	  (Pavani	  et	  al,	  2000),	  and	  the	  Virtual	  Body	  illusion	  
–	  where	  we	  start	  identifying	  with	  a	  virtual	  body	  to	  the	  degree	  that	  we	  feel	  pain	  (see	  
Slater	  et	  al,	  2009,	  for	  a	  discussion	  of	  experiments	  surrounding	  the	  virtual	  body	  
illusion).	  An	  interesting	  relation	  here	  is	  Susan	  Kozel’s	  (2005)	  description	  of	  her	  
experience	  as	  the	  actress	  interacting	  with	  gallery	  visitors	  through	  Paul	  Sermon’s	  
video	  installation	  ‘Telematic	  Dreaming’	  –	  she	  started	  identifying	  with	  the	  projection	  
of	  her	  body	  on	  a	  bed	  in	  the	  gallery	  space,	  by	  watching	  it	  on	  a	  monitor,	  and	  the	  
different	  interactions	  with	  the	  gallery	  visitors	  made	  her	  feel	  a	  range	  of	  emotions,	  
including	  intrusion	  and	  arousal.	  These	  examples	  demonstrate	  how	  an	  awareness	  of	  
the	  fundamental	  concepts	  around	  sensory	  perception,	  and	  in	  this	  case	  multimodal	  
processes,	  can	  inform	  the	  design	  of	  interactive	  experiences.	  To	  understand	  the	  
senses	  more	  in	  terms	  of	  synaesthesia,	  as	  potentially	  related	  and	  capable	  of	  
influencing	  each	  other	  or	  overlapping	  seems	  a	  better	  approach	  than	  to	  see	  the	  
senses	  as	  definite	  separate	  ‘channels’.	  
2.1.2 Metaphors,	  Images	  and	  Schemata	  
In	  the	  following,	  ideas	  around	  metaphors	  will	  be	  introduced,	  including	  their	  relation	  
to	  the	  experience	  of	  embodiment,	  for	  example	  their	  inherent	  multi-­‐	  and	  
crossmodality,	  or	  potential	  synaesthetic	  nature.	  Images,	  schematic	  patterns	  and	  
metaphorical	  projections	  are	  considered	  as	  essential	  to	  meaning	  throughout	  this	  
thesis.	  Several	  positions	  on	  the	  processes	  of	  metaphor	  will	  be	  reviewed	  –	  and	  are	  
considered	  here	  as	  more	  than	  an	  ornamental	  literary	  or	  visual	  device,	  but	  as	  
important	  to	  learning,	  communicating	  and	  knowing.	  Perhaps	  with	  more	  of	  a	  
fundamental	  bodily	  basis	  than	  commonly	  assumed,	  metaphors	  play	  a	  part	  in	  a	  
plethora	  of	  communicative	  processes	  and	  human	  understanding.	  They	  might	  provide	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the	  key	  in	  uniting	  the	  senses,	  particularly	  in	  terms	  of	  designing	  multisensory	  
interfaces.	  We	  ought	  to	  consider	  processes	  of	  synaesthesia	  as	  a	  phenomenon,	  which	  
may	  inspire	  design	  of	  salient	  crossmodal	  sensory	  mappings	  in	  embodied	  interaction	  
design.	  This	  section	  will	  particularly	  build	  on	  the	  work	  of	  Mark	  Johnson,	  an	  American	  
Philosopher,	  who	  has	  produced	  several	  works	  contributing	  to	  embodied	  philosophy,	  
metaphors,	  body	  schema	  and	  the	  function	  of	  the	  body	  in	  the	  process	  of	  cognition,	  
linguistics	  and	  meaning.	  Johnson	  writes	  that	  	  
Objectivist	  treatments	  try	  to	  analyze	  meaning,	  truth	  and	  reason	  without	  
mentioning	  non-­‐propositional	  structures	  such	  as	  images,	  schematic	  patterns,	  
and	  metaphorical	  projections	  (all	  of	  which	  are	  considered	  components	  of	  
understanding,	  but	  not	  essential	  to	  meaning	  in	  the	  ‘proper	  sense’)	  
(Johnson,	  1987,	  p.18).	  
He	  questions	  the	  representational	  view	  of	  the	  mind	  and	  replaces	  it	  with	  an	  
embodied	  view	  of	  meaning,	  which	  “emerges	  as	  structures	  of	  organism-­‐environment	  
interactions	  or	  transactions”	  (Johnson	  2007,	  p.	  xi).	  In	  social	  semiotics,	  the	  term	  
‘meaning-­‐making’	  is	  central	  to	  understanding	  communication	  as	  a	  social	  practice,	  
and	  that	  meaning	  is	  shaped	  by	  social	  agreement,	  which	  is	  dynamic	  and	  can	  change	  
over	  time	  (Hodge	  &	  Kress,	  1988).	  Johnson	  considers	  the	  bodily	  experience	  as	  
essential	  to	  meaning	  making,	  and	  even	  discusses	  aesthetic	  experience	  as	  a	  valuable	  
way	  to	  study	  meaning.	  He	  rejects	  the	  idea	  that	  only	  linguistically	  coded	  expressions	  
can	  have	  meaning,	  as	  it	  “denies	  the	  status	  of	  meaning	  to	  most	  of	  the	  meaning-­‐
making	  that	  occurs	  beneath	  our	  conscious	  awareness	  and	  beneath	  representational	  
structures”	  (Johnson,	  2007,	  p.207).	  
Several	  approaches	  have	  been	  used	  to	  investigate	  the	  link	  between	  the	  body	  and	  
metaphor,	  particularly	  in	  trying	  to	  understand	  what	  functions	  metaphors	  really	  
perform,	  and	  how	  they	  are	  formed.	  	  Metaphors	  are	  inherently	  multimodal	  and	  can	  
include	  images,	  sounds,	  words,	  feelings	  and	  other	  forms	  of	  texts	  and	  media,	  and	  a	  
lot	  of	  metaphors	  are	  grounded	  in	  embodied	  and	  physical	  experience.	  	  Johnson	  
explores	  the	  relationship	  between	  the	  body	  and	  the	  mind,	  and	  suggests	  that	  the	  
formation	  of	  internal	  concepts	  is	  grounded	  in	  physical	  experiences.	  They	  are	  based	  
on	  patterns	  of	  occurrences	  between	  our	  bodies	  and	  the	  environment.	  These	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patterns	  become	  coherent	  structures	  through	  which	  we	  make	  sense	  of	  our	  world	  
and	  develop	  “publicly	  shared	  meaning	  structures”	  (Johnson,	  1987,	  p.	  13).	  
He	  introduces	  the	  idea	  of	  embodied	  ‘image	  schema’,	  based	  on	  Kant’s	  definition	  of	  
schemata	  as	  “non-­‐propositional	  structures	  of	  imagination”	  (ibid,	  p.19).	  That	  is	  to	  say	  
they	  “exist,	  rather,	  in	  a	  continuous,	  analogue	  fashion	  in	  our	  understanding”	  (ibid,	  
p.23).	  They	  are	  also	  not	  strictly	  images	  in	  the	  sense	  of	  concrete	  pictures,	  and	  can,	  
and	  often	  do,	  incorporate	  the	  haptic	  modality,	  in	  a	  cross-­‐modal	  manner	  -­‐	  often	  
linked	  to	  spatial	  manipulation,	  orientation,	  and	  movement.	  Image	  schemata	  share	  
some	  basic	  elements	  that	  have	  related	  structures,	  yet	  are	  flexible.	  They	  have	  gestalt	  
characteristics:	  “coherent,	  meaningful,	  unified	  wholes	  within	  our	  experience	  and	  
cognition”	  (ibid,	  p.	  41).	  
Image	  schemata	  also	  have	  a	  dynamic	  element,	  according	  to	  Johnson:	  –	  even	  
conventionalized,	  literal	  meaning	  depends	  “upon	  a	  large	  background	  of	  shared	  
schemata,	  capacities,	  practices,	  and	  knowledge”	  (ibid,	  p.	  29).	  He	  suggests	  they	  form	  
structures	  for	  organizing	  our	  experience	  and	  comprehension.	  
2.1.2.1 Basic	  and	  Conceptual	  Metaphors	  
Jay	  Seitz	  proposed	  the	  ‘basic	  metaphor	  theory’,	  which	  in	  some	  ways	  opposes	  
standard	  theory,	  which	  “maintains	  that	  metaphor	  is	  a	  conceptual	  mapping	  from	  
some	  base	  domain	  to	  some	  target	  domain”	  (Seitz,	  2005,	  p.	  56).	  	  Seitz	  has	  further	  
elaborated	  on	  the	  origins	  and	  exact	  processes	  of	  this	  and	  investigated	  and	  provided	  
extensive	  evidence	  for	  the	  neurological,	  developmental,	  biological	  and	  evolutionary	  
basis	  of	  metaphor.	  He	  proposes	  metaphors	  to	  be	  so	  fundamental	  as	  to	  include	  
preliterate,	  prelinguistic	  and	  extra-­‐linguistic	  factors.	  Reed’s	  work	  on	  the	  ontogenetic	  
precedence	  of	  indicational,	  pre-­‐linguistic	  interaction	  between	  infants	  and	  caregivers	  
makes	  a	  similar	  point,	  from	  the	  perspective	  of	  ecological	  psychology	  (Reed,	  1995).	  
Also,	  Johnson	  in	  his	  more	  recent	  work	  (2007)	  provides	  more	  detail	  and	  evidence	  
towards	  the	  claim	  that	  some	  meaning	  is	  pre-­‐linguistic	  and	  pre-­‐reflective,	  
unconscious	  and	  the	  basis	  for	  metaphor	  processes.	  
Seitz	  lists	  four	  types	  of	  metaphors:	  perceptual	  (e.g.	  colour,	  shape,	  texture,	  size),	  
enactive	  (movement,	  action	  and	  activity),	  cross-­‐modal	  or	  synaesthetic	  (e.g.	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brightness	  and	  loudness)	  and	  physiognomic	  experiences	  (visual-­‐affective	  and	  
sensory-­‐affective)	  and	  Seitz	  claims	  these	  are	  at	  the	  core	  of	  ‘early	  metaphoric	  
development’.	  Seitz’	  definition	  of	  early	  metaphor	  would	  refer	  to	  the	  more	  
fundamental	  components,	  preceding	  anything	  like	  the	  ornamental	  and	  poetic	  
devices	  within	  sophisticated	  language.	  Perceptual	  metaphor	  is	  mostly	  a	  case	  of	  ‘it	  
looks	  like	  that’	  –	  where	  even	  very	  small	  children	  will	  be	  able	  to	  see	  a	  plate	  of	  
spaghetti	  as	  a	  “bunch	  of	  worms”.	  It	  is	  related	  to	  the	  perception	  of	  shape,	  colour,	  
texture,	  and	  size.	  Enactive	  metaphor	  could	  be	  classed	  as	  a	  case	  of	  ‘it	  moves	  like	  that’	  
–	  where	  movement	  and	  motion	  information	  is	  correlated,	  for	  example	  in	  a	  spinning	  
top	  and	  a	  dancing	  ballerina.	  Cross-­‐modal	  (synaesthetic)	  metaphor,	  according	  to	  
Seitz,	  even	  infants	  are	  able	  to	  perform	  –	  a	  mapping	  of	  likeness	  in	  different	  sensory	  
modalities,	  maybe	  a	  case	  of	  ‘it	  feels	  like	  that’,	  relating	  to	  “natural	  metaphors”	  such	  
as	  “bright	  sounds	  or	  cool	  colours”.	  Physiognomic	  metaphor	  relates	  to	  metaphoric	  
capabilities	  occurring	  in	  very	  early	  preschool	  years	  and	  describes	  our	  ability	  to	  read	  
affective	  characteristics	  in	  objects	  or	  other	  sensory	  experiences,	  such	  as	  attributing	  a	  
smile	  to	  the	  front	  of	  a	  car	  or	  classifying	  music	  as	  cheerful.	  Seitz	  proposes	  that	  some	  
metaphoric	  processes	  are	  automatic	  and	  involuntary,	  and	  cites	  processes	  of	  
synaesthesia	  to	  back	  up	  his	  claim.	  
“The	  developmental	  (i.e.	  ontogenetic),	  evolutionary	  (i.e.	  phylogenetic)	  and	  
comparative	  evidence	  	  …	  strongly	  suggest	  that	  perceptual,	  enactive	  
synaesthetic,	  and	  physiognomic	  metaphoric	  abilities	  …	  emerge	  very	  early	  
in	  life,	  are	  biologically	  grounded	  in	  the	  ability	  to	  perceive	  likeness	  across	  
certain	  domains	  and	  may	  further	  lie	  at	  the	  core	  of	  creative	  thought“	  
(Seitz,	  2005,	  p.	  83)	  
Ramachandran	  (2003)	  argues	  that	  this	  mapping	  across	  different	  sensory	  modalities	  is	  
the	  phylogenetic	  foundation	  for	  language	  itself.	  For	  example,	  a	  spiky	  shape	  would	  be	  
almost	  universally	  linked	  to	  the	  word	  ‘kiki’,	  whereas	  a	  soft,	  bulbous	  shape	  would	  be	  
associated	  with	  the	  word	  ‘buba’.	  	  It	  is	  the	  metaphoric	  link	  between	  the	  visual	  form	  of	  
the	  shape,	  and	  the	  aural	  shape	  of	  the	  word	  that	  are	  important,	  not	  primarily	  the	  
more	  abstract	  symbolic	  content.	  He	  concludes	  that	  all	  human	  beings	  are	  
fundamentally	  synaesthetic,	  and	  that	  language	  and	  syntax	  has	  roots	  in	  early	  tool	  use	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and	  tool	  making.	  	  
The	  theoretical	  schema	  then	  moves	  from	  the	  physical	  to	  the	  non-­‐physical	  and	  
abstract:	  to	  conceptual	  metaphors.	  	  The	  framework	  suggested	  by	  Lakoff	  &	  Johnson	  
(1980)	  in	  their	  investigation	  of	  ‘Metaphors	  We	  Live	  By’	  is	  particularly	  pertinent	  to	  my	  
investigation.	  In	  this	  seminal	  work,	  the	  authors	  propose	  that	  metaphors	  are	  not	  
mere	  poetic	  or	  ornamental	  devices,	  but	  are	  essential	  to	  our	  understanding	  and	  the	  
way	  we	  make	  sense	  of	  our	  experience.	  Lakoff	  and	  Johnson	  write,	  that	  “the	  essence	  
of	  metaphor	  is	  understanding	  and	  experiencing	  one	  kind	  of	  thing	  in	  terms	  of	  
another”	  (Lakoff	  &	  Johnson,	  1980,	  p.5).	  	  Exploring	  metaphors	  can	  therefore	  unpack	  
some	  of	  the	  ways	  we	  understand	  certain	  concepts.	  These	  metaphors	  are	  emergent	  
in	  everyday	  language	  and	  ‘we	  live	  by	  them’	  to	  the	  degree	  that	  it	  is	  hard	  to	  step	  
outside	  of	  them.	  However,	  examining	  them	  carefully	  can	  tell	  us	  about	  the	  cultural	  
values	  underpinning	  them,	  and	  about	  the	  strategies	  and	  tools	  that	  users	  employ	  to	  
try	  to	  make	  sense	  of	  their	  world,	  and	  pertinent	  for	  this	  thesis,	  make	  sense	  of	  touch	  
and	  digitally	  mediated	  experience.	  	  	  
Lakoff	  &	  Johnson	  (1980)	  make	  the	  point	  that	  a	  lot	  of	  metaphors	  are	  based	  on	  our	  
physical	  experience	  (e.g.	  ‘intangible’):	  our	  knowledge	  of	  what	  we	  know	  and	  what	  we	  
don’t	  know	  about	  our	  bodies	  in	  space	  and	  time.	  These	  concepts	  are	  nevertheless	  
culturally	  diverse,	  as	  even	  fundamental	  principles	  such	  as	  the	  spatial	  relationship	  of	  
‘front’	  and	  ‘back’	  can	  vary	  across	  cultures,	  and	  indeed	  following	  Gibson,	  the	  idea	  of	  
space	  can	  be	  challenged	  completely	  as	  less	  of	  an	  abstract	  concept	  shaped	  by	  
geometry,	  but	  more	  of	  an	  experiential	  dimension	  relative	  to	  our	  individual	  action	  
and	  motivation.	  	  	  
It	  has	  been	  argued	  here	  that	  metaphors	  are	  likely	  to	  be	  founded	  on,	  and	  integrated	  
with	  physical,	  bodily	  experience,	  which	  endorses	  the	  notion	  of	  the	  integration	  of	  
body	  and	  mind.	  The	  formation	  of	  conceptual	  metaphors,	  then,	  is	  fundamental	  for	  
our	  understanding	  and	  ability	  to	  communicate.	  An	  analysis	  of	  metaphors	  we	  ‘live’	  
and	  ‘interact’	  by	  can	  reveal	  attitudes,	  beliefs,	  and	  values	  that	  are	  difficult	  to	  directly	  
extrapolate	  through	  verbal	  utterances.	  The	  synaesthesia	  of	  metaphor	  and	  
multimodality	  looks	  like	  a	  useful	  way	  to	  explore	  and	  articulate	  our	  experience	  of	  the	  
world,	  specifically	  for	  this	  thesis,	  via	  the	  sense	  of	  touch.	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2.1.2.2 Metaphoric	  Mappings	  in	  Interface	  Design	  
To	  conclude	  this	  section	  on	  metaphors,	  the	  research	  will	  be	  placed	  in	  the	  context	  of	  
embodied	  interface	  design.	  One	  of	  the	  central	  research	  questions	  in	  this	  thesis	  is	  
whether	  metaphors	  can	  serve	  as	  a	  useful	  design	  parameter	  in	  interactive	  
experiences,	  by	  guiding	  the	  mapping	  of	  sensory	  input	  and	  output	  in	  a	  variety	  of	  
sensory	  modalities.	  It	  has	  also	  been	  suggested	  here	  that	  a	  multisensory	  
environment,	  which	  forces	  experiences	  to	  broken	  up	  into	  ‘channels’	  and	  ‘modalities,	  
could	  serve	  as	  a	  research	  platform	  to	  help	  answer	  some	  of	  the	  theoretical	  questions	  
on	  the	  processes	  of	  multimodality	  and	  metaphor.	  	  
Alissa	  Antle	  and	  her	  colleagues	  have	  recently	  built	  a	  system	  for	  precisely	  this	  kind	  of	  
purpose,	  an	  interactive	  audio	  installation	  exploring	  the	  mappings	  of	  movement	  to	  
sound.	  They	  designed	  two	  interaction	  models;	  one	  was	  based	  on	  metaphors,	  as	  they	  
describe	  it,	  and	  one	  that	  was	  not.	  The	  table	  below	  shows	  the	  mappings	  they	  
designed	  in	  collaboration	  with	  other	  experts	  on	  music	  and	  dance.	  
	  
Movement	   Parameter	   Mappings	  
Speed	   Tempo	   Fast	  is	  fast;	  slow	  is	  slow	  
Activity	   Volume	   More	  is	  loud;	  less	  is	  quiet	  
Proximity	   Pitch	   Near	  is	  high;	  Far	  is	  low	  
Flow	   Rhythm	  
Smooth	  is	  rhythmic;	  choppy	  is	  
chaotic	  
Fig	  5	   Embodied	  metaphorical	  mappings	  (Antle	  et	  al,	  2009)	  
	  
Movement	   Parameter	   Mappings	  
Flow	   Tempo	  




Proximity	   Volume	   Far	  is	  quiet;	  near	  is	  loud	  
Speed	   Pitch	   Slow	  is	  high;	  fast	  is	  low	  
Activity	   Rhythm	  
High	  is	  rhythmic;	  low	  is	  
chaotic	  
Fig	  6	   	  ‘Non-­‐metaphorical’	  mappings	  (quote	  marks	  added)	  (Antle	  et	  al,	  2009)	  
Antle	  and	  her	  colleagues	  observed	  adult	  and	  child	  participants	  in	  performing	  tasks	  
and	  creating	  compositions.	  Measures	  applied	  to	  the	  research	  were	  for	  example	  the	  
time	  it	  took	  to	  learn	  a	  certain	  task	  and	  the	  accuracy	  with	  which	  this	  was	  performed.	  
However,	  they	  also	  found	  some	  interesting	  aspects	  that	  need	  to	  be	  considered	  on	  
top	  of	  the	  question	  of	  embodied	  metaphors	  and	  sensory	  mappings:	  discoverability,	  
which	  is	  related	  to	  the	  likelihood	  of	  the	  user	  being	  able	  to	  discover	  the	  relationship	  
of	  the	  mappings,	  structural	  isomorphism	  and	  perceivable	  feedback,	  related	  to	  how	  
closely	  coupled	  everyday	  actions	  and	  interaction	  models	  are	  makes	  them	  easier	  to	  
be	  detected	  and	  the	  potential	  for	  personal	  interpretation	  and	  mappings	  to	  be	  
applied,	  what	  they	  call	  duplicity	  in	  mappings.	  	  
The	  description	  of	  a	  ‘metaphoric’	  and	  ‘non-­‐metaphoric’	  design	  is	  slightly	  misleading	  
here.	  Both	  designs	  are	  based	  on	  the	  same	  principle	  of	  mapping	  one	  dimension	  or	  
parameter	  to	  another	  and	  would	  therefore	  still	  be	  classed	  as	  metaphoric.	  The	  only	  
difference	  is	  that	  the	  researchers	  decided	  to	  deliberately	  choose	  mappings	  that	  
seem	  counter-­‐intuitive	  in	  the	  second	  design.	  Unfortunately	  they	  also	  do	  not	  describe	  
in	  any	  detail	  exactly	  how	  they	  arrived	  at	  the	  design	  decision,	  something	  that	  would	  
have	  been	  interesting	  to	  the	  design	  community,	  maybe	  even	  more	  useful	  than	  
attempting	  to	  develop	  guidelines	  based	  on	  scientific	  data.	  
The	  theoretical	  approach	  to	  this	  thesis	  has	  been	  outlined,	  by	  discussing	  the	  key	  
concepts	  affordances,	  enactive	  perception	  and	  metaphors.	  The	  emphasis	  on	  an	  actor	  
in	  their	  environment	  will	  be	  important	  for	  the	  understanding	  of	  a	  user’s	  relationship	  
of	  an	  interface	  with	  digital	  content.	  There	  will	  also	  be	  an	  awareness	  of	  the	  
complexity	  of	  this	  relationship	  in	  terms	  of	  designing	  dynamic	  interfaces,	  keeping	  the	  
body	  at	  the	  centre	  of	  the	  investigation.	  In	  the	  next	  section,	  the	  cultural	  history	  of	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touch	  and	  philosophical	  boundaries	  in	  thinking	  about	  touch	  will	  be	  explored.	  A	  brief	  
overview	  over	  the	  important	  relationship	  of	  touch	  to	  the	  experience	  of	  being	  human	  
in	  terms	  of	  infant	  development,	  social	  bonding	  and	  communication	  will	  follow.	  This	  
broad	  exploration	  of	  some	  of	  the	  fundamental	  concepts	  that	  surround	  the	  sense	  of	  
touch	  serve	  to	  position	  and	  inform	  the	  research	  contributions	  described	  later	  in	  the	  
thesis.	  A	  historically	  and	  theoretically	  informed	  design	  approach	  can	  enhance	  
innovation	  by	  constructing	  experiences	  with	  technology	  that	  really	  matter	  to	  the	  
human	  user.	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2.2 The	  Concept	  of	  Touch	  	  
Most	  members	  of	  modern	  writing	  cultures	  are	  even	  more	  suspicious	  of	  touch	  as	  
a	  carrier	  of	  important	  information	  than	  they	  are	  of	  sound	  or	  gesture.	  We	  have	  
largely	  struck	  touch	  from	  our	  cultural	  canon	  (Hibbitts,	  1992,	  p.924)	  
If	  sensory	  values	  are	  understood	  to	  be	  purely	  social	  constructions,	  it	  is	  possible	  
to	  imagine	  cultural	  alternatives	  (Howes,	  2005,	  p.	  11)	  
	  
In	  the	  previous	  section,	  distinct	  theoretical	  concepts	  were	  discussed	  with	  specific	  
relevance	  to	  the	  approach	  to	  research	  and	  design	  in	  this	  thesis.	  In	  this	  chapter,	  a	  
broader	  picture	  is	  explored	  in	  terms	  of	  the	  cultural	  history	  and	  philosophical	  debate	  
of	  senses,	  and	  specifically	  the	  significance	  of	  the	  sense	  of	  touch.	  	  
When	  designing	  and	  reflecting	  on	  designs	  for	  the	  haptic	  sense,	  it	  is	  important	  to	  
consider	  philosophical	  implications	  and	  precursors.	  The	  way	  a	  subject	  area	  is	  
approached	  embeds	  assumptions	  about	  our	  general	  ideas	  concerning	  our	  self	  in	  
relation	  to	  the	  world	  and	  others.	  Both	  scientific	  and	  artistic	  development	  benefits	  
from	  awareness	  of	  philosophical	  and	  cultural	  boundaries	  in	  order	  to	  extend	  or	  even	  
side	  step	  them.	  	  Reflecting	  on	  past	  technological	  discoveries	  in	  the	  philosophical	  and	  
religious	  context	  of	  their	  era	  can	  provide	  a	  lot	  of	  evidence	  about	  the	  way	  research	  
and	  intellectual	  endeavours	  were	  directed.	  The	  sense	  of	  touch	  and	  the	  way	  bodily	  
experiences	  and	  relations	  have	  been	  portrayed	  and	  viewed	  during	  the	  centuries	  
provides	  a	  comprehensive	  framework	  in	  which	  to	  view	  a	  current	  re-­‐discovery	  of	  the	  
haptic	  sense	  and	  especially	  the	  belated	  consideration	  within	  interface	  design.	  
After	  taking	  an	  initial	  overview	  of	  the	  Haptics	  research	  community	  for	  the	  purpose	  of	  
this	  thesis	  (Appendix	  C),	  it	  was	  clearly	  necessary	  to	  position	  the	  technological	  
developments	  in	  a	  philosophical	  framework.	  It	  seems	  the	  sense	  of	  touch	  is	  complex	  
and	  has	  puzzled	  and	  fascinated	  people	  for	  a	  long	  time,	  as	  discussed	  in	  the	  previous	  
chapter.	  A	  revival	  of	  the	  senses	  in	  social	  sciences	  has	  produced	  a	  surge	  of	  theoretical	  
accounts	  and	  scholarship	  around	  the	  sense	  of	  touch	  in	  recent	  years	  (Paterson	  (2007),	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Howes	  (2005),	  Getzinger	  (2005)	  and	  Classen	  (2005),	  and	  is	  reflected	  in	  the	  
appearance	  of	  a	  new	  journal	  in	  “The	  Sense	  and	  Society”	  first	  published	  by	  Berg,	  UK	  
in	  2006.	  From	  the	  editorial	  of	  the	  first	  issue:	  “The	  sensorium	  (…)	  is	  an	  ever-­‐shifting	  
social	  and	  historical	  construct.	  The	  perceptual	  is	  cultural	  and	  political,	  and	  not	  simply	  
(…)	  a	  matter	  of	  cognitive	  processes	  or	  neurological	  mechanisms	  located	  in	  the	  
individual	  subject”	  (Bull,	  2006,	  p.5).	  This	  thesis	  will	  consider	  what	  this	  means	  for	  
interface	  design,	  and	  apply	  some	  of	  these	  ideas	  to	  research	  methods	  and	  design	  
practice.	  
2.2.1 History	  of	  Touch	  
It	  has	  to	  be	  stated	  that	  the	  senses	  are	  to	  be	  seen	  as	  a	  social	  and	  historical	  construct.	  
The	  way	  we	  view	  our	  senses	  and	  their	  interaction	  with	  each	  other	  and	  our	  mind,	  self	  
or	  consciousness	  is	  dependent	  on	  the	  philosophical	  stance	  we	  take.	  Also,	  the	  value	  
we	  place	  on	  each	  sense	  is	  very	  much	  dependent	  on	  the	  philosophical	  climate	  at	  the	  
time,	  and	  we	  have	  developed	  a	  kind	  of	  hierarchy	  of	  the	  senses	  resulting	  in	  the	  
recently	  dominant	  ocularcentrism,	  or	  visual	  culture.	  Visual	  culture	  has	  become	  the	  
dominant	  form,	  with	  written	  language	  and	  other	  visual	  coding	  systems	  being	  an	  
essential	  way	  to	  communicate.	  
Aristotle	  in	  De	  Anima	  (350BC/1987)	  laid	  the	  foundation	  for	  idea	  of	  the	  five	  senses,	  
and	  while	  he	  considered	  touch	  to	  be	  crucial,	  he	  developed	  a	  hierarchy	  of	  the	  senses	  
that	  placed	  sight	  at	  the	  top	  –	  these	  are	  all	  ideas	  still	  popular	  today,	  although	  
psychophysical	  research	  suggests	  anything	  up	  to	  21	  senses	  (Motluk,	  2001).	  To	  see	  
the	  senses	  of	  touch	  as	  one	  unit	  is	  problematic	  –	  can	  the	  capacity	  to	  feel	  pain,	  
distance,	  weight	  or	  texture	  -­‐	  to	  name	  but	  a	  few	  -­‐	  really	  be	  classed	  as	  just	  one	  sense?	  
The	  most	  influential	  period	  for	  our	  current	  western	  view	  of	  the	  senses	  was	  probably	  
the	  Enlightenment	  with	  its	  focus	  on	  scientific,	  observable	  data	  as	  the	  most	  valuable	  
knowledge	  to	  strive	  for.	  The	  Empiricists	  valued	  sensable	  data,	  but	  not	  all	  senses	  were	  
valued	  the	  same.	  The	  visual	  sense	  was	  considered	  as	  most	  accurate,	  as	  it	  allowed	  
distance	  and	  therefore	  objectivity.	  Any	  of	  the	  proximal	  senses,	  anything	  entering	  the	  
realm	  of	  ‘feeling’	  was	  considered	  as	  tainted	  by	  subjectivity	  and	  therefore	  undesirable	  
	  
	  45	  
and	  useless	  data.	  The	  proximal	  senses	  were	  devalued	  as	  prone	  to	  errors	  and	  moral	  
decline.	  	  
Hume	  (1963)	  only	  accepted	  sense	  impressions	  as	  real	  and	  saw	  ideas	  as	  merely	  their	  
modification.	  Instead	  of	  a	  perceiving	  self,	  an	  organising	  mechanism	  was	  seen	  as	  
more	  probable.	  Feelings	  were	  viewed	  as	  necessary	  only	  to	  ensure	  the	  biological	  and	  
sociological	  welfare	  of	  humankind.	  The	  Rationalists	  accepted	  that	  there	  was	  an	  inner	  
self,	  but	  separated	  it	  from	  bodily	  sensations.	  The	  emphasis	  was	  on	  human	  reason	  
creating	  the	  world	  from	  within.	  (Descartes,	  1960)	  believed	  the	  senses	  cannot	  'grasp'	  
clearly	  and	  that	  only	  children	  or	  'unreasonable'	  people	  believe	  them.	  This	  dualistic	  
view	  of	  body	  and	  mind	  has	  dominated	  western	  thought	  ever	  since.	  	  
Heidegger	  (2002)	  states	  that	  ours	  is	  not	  merely	  a	  rational	  world,	  but	  a	  world	  full	  of	  
values	  and	  meaning.	  Sartre	  (1956)	  had	  a	  more	  negative	  position	  and	  saw	  the	  
subjectivity	  of	  individuals	  as	  a	  threat	  of	  humans	  to	  gain	  control	  over	  others.	  He	  was	  
very	  concerned	  with	  "the	  look"	  as	  a	  means	  of	  control,	  which	  might	  be	  equivalent	  to	  
the	  act	  of	  touching	  another	  person	  as	  an	  act	  of	  caressing	  one's	  self.	  The	  
phenomenologist	  Merleau-­‐Ponty	  (2002)	  saw	  touch	  as	  reciprocal	  and	  the	  line	  
between	  touching	  and	  being	  touched	  blurred.	  However,	  he	  thought	  that	  through	  
cognitive	  effort,	  this	  reciprocity	  could	  be	  broken	  -­‐	  for	  example	  in	  the	  case	  of	  a	  doctor	  
examining	  a	  patient.	  Wyschograd	  (1981)	  also	  admits	  that	  touch	  is	  not	  always	  of	  an	  
affective	  nature	  and	  can	  have	  a	  cognitive	  function,	  like	  in	  an	  artist	  using	  their	  haptic	  
sense	  to	  sculpt	  -­‐	  in	  this	  case,	  she	  says,	  touch	  functions	  more	  like	  sight.	  Buber	  (2004)	  
introduces	  the	  concept	  of	  I-­‐It	  and	  I-­‐Thou	  modes	  of	  relating	  to	  others.	  The	  I-­‐It	  mode	  is	  
reducing	  or	  considering	  the	  other	  like	  an	  object	  and	  concentrates	  on	  touching	  acts	  of	  
manipulation	  and	  handling.	  There	  is	  no	  real	  relationship	  and	  it	  can	  be	  classed	  as	  
reductionist	  and	  utilitarian.	  In	  the	  I-­‐thou	  mode,	  the	  other	  is	  perceived	  as	  a	  whole	  and	  
the	  relationship	  is	  equal	  and	  mutual.	  The	  touch	  is	  a	  means	  of	  reaching	  the	  other	  in	  a	  
holistic	  sense.	  
Getzinger	  (2005)	  examined	  the	  argument	  as	  to	  whether	  the	  haptic	  sense	  has	  
become	  neglected	  in	  western	  society,	  and	  charts	  areas	  in	  which	  a	  disappearance	  of	  
the	  haptic	  sense	  can	  be	  perceived.	  Looking	  at	  historical	  values	  driving	  scientific	  
discoveries	  it	  could	  be	  observed	  that	  sensory,	  and	  especially	  haptic	  experiences	  had	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been	  more	  and	  more	  excluded	  in	  favour	  of	  the	  more	  ‘objective’	  visual	  sense.	  This	  is	  
evident	  in	  scientific	  instruments	  being	  developed	  to	  support	  the	  visual	  sense	  
(telescope,	  microscope),	  which	  was	  to	  ensure	  measurements	  could	  be	  taken	  without	  
having	  to	  rely	  on	  human	  perceptions	  only.	  See	  Roberts	  (2005)	  for	  an	  account	  of	  how	  
this	  affected	  the	  discipline	  of	  chemistry,	  which	  moved	  from	  something	  sensuous	  and	  
human-­‐focused	  to	  something	  that	  happens	  in	  a	  lab	  and	  is	  calculated	  with	  
mathematics.	  In	  medical	  diagnosis	  and	  therapy,	  the	  ‘feeling’	  of	  the	  patient	  or	  the	  
doctor	  are	  less	  playing	  a	  role,	  with	  technological	  devices	  being	  developed	  to	  avoid	  
touching	  the	  body	  too	  much	  and	  emphasising	  the	  visual	  -­‐	  for	  example,	  the	  X-­‐ray	  
machine.	  	  
Following	  are	  a	  few	  examples,	  where	  the	  Haptic	  sense	  used	  to	  play	  a	  far	  greater	  role,	  
although	  in	  some	  of	  these	  cases,	  in	  torture	  and	  education	  for	  example,	  a	  moving	  
away	  from	  the	  sense	  of	  touch	  must	  be	  seen	  as	  an	  improvement.	  Glucklich	  (2005)	  has	  
written	  about	  the	  painful	  tools,	  which	  were	  used	  during	  the	  Inquisition	  in	  order	  to	  
change	  peoples'	  minds.	  	  Extreme	  torture	  in	  the	  Middle	  Ages	  would	  be	  endured	  as	  
one	  believed	  the	  soul	  to	  be	  separate	  from	  the	  body	  and	  therefore	  having	  a	  chance	  to	  
save	  it	  from	  condemnation,	  which	  was	  viewed	  far	  worse	  than	  physical	  pain.	  
Getzinger	  (2005)	  describes	  two	  examples	  of	  the	  death	  penalty	  to	  illustrate	  how	  the	  
role	  of	  pain	  has	  changed	  in	  punishment.	  The	  first	  one	  is	  an	  execution	  in	  the	  18th	  
century,	  during	  which	  the	  body	  of	  the	  convicted	  is	  probed	  and	  mutilated	  in	  various,	  
very	  visual	  and	  ceremonial	  ways.	  The	  body	  and	  the	  craft	  of	  the	  execution	  played	  a	  
very	  important	  role	  here.	  The	  second	  example	  is	  an	  execution	  in	  20th	  century	  USA	  in	  
which	  the	  executor	  injects	  a	  poisonous	  solution	  remotely	  from	  a	  different	  room	  
intravenously.	  Whereas	  in	  the	  first	  example	  the	  body	  is	  a	  symbol	  used	  to	  visually	  
communicate	  real	  consequences	  by	  evoking	  feelings	  of	  pain	  and	  torture,	  in	  the	  
second	  one	  it	  is	  a	  very	  methodical,	  clinical	  process	  to	  extract	  life	  from	  this	  body	  as	  
has	  been	  deemed	  necessary,	  with	  only	  minimal	  real	  contact.	  	  
A	  similar	  decline	  of	  importance	  of	  body	  contact	  was	  true	  for	  raising	  and	  educating	  
children	  -­‐	  physical	  pain	  used	  to	  be	  seen	  as	  a	  form	  of	  establishing	  power	  and	  
authority,	  to	  prevent	  further	  disobedience.	  With	  the	  development	  of	  modern	  
pedagogy	  and	  the	  acceptance	  of	  the	  term	  "childhood"	  in	  the	  20th	  century	  social	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control	  and	  intellectual	  or	  emotional	  methods,	  without	  necessarily	  having	  to	  touch	  
the	  body,	  have	  become	  more	  popular.	  In	  everyday	  life,	  a	  loss	  of	  the	  haptic	  sense	  is	  
also	  visible,	  with	  cutlery	  and	  plates	  removing	  hands	  around	  the	  table	  from	  
communal	  bowls.	  Etiquette	  and	  new	  standards	  of	  hygiene	  come	  to	  dictate	  a	  new	  set	  
of	  tools	  which	  allows	  the	  ability	  to	  distance	  the	  body	  from	  activities	  like	  food	  intake	  
(Elias,	  2005).	  
Kissing,	  kicking	  and	  touching	  as	  forms	  of	  communication	  were	  firmly	  grounded	  in	  
medieval	  times,	  involving	  feet,	  hands	  or	  religious	  symbols	  such	  as	  crosses.	  Although	  
these	  gestures	  still	  exist,	  they	  have	  become	  less	  common	  with	  the	  development	  of	  a	  
more	  complex,	  abstract	  and	  distanced	  way	  of	  communicating.	  Nowadays,	  public	  
touching	  is	  reduced	  to	  very	  narrowly	  defined	  contexts,	  mostly	  private	  and	  hidden,	  
and	  can	  lead	  to	  inter-­‐cultural	  friction	  when	  rules	  are	  not	  observed.	  	  
Regarding	  sexual	  encounters	  between	  intimate	  partners	  -­‐	  Getzinger	  (2005)	  makes	  a	  
point	  of	  not	  including	  this	  particular	  situation	  in	  his	  treatment	  of	  the	  subject	  Haptics	  
-­‐	  there	  is	  a	  great	  deal	  that	  has	  become	  very	  public	  and	  very	  visual:	  the	  imagery	  of	  the	  
porn	  industry	  is	  ubiquitous	  and	  in	  many	  ways	  it	  is	  very	  acceptable	  to	  watch	  these	  
intimate	  acts	  of	  touching.	  This	  could	  also	  be	  interpreted	  as	  another	  sign	  of	  the	  
dominance	  of	  the	  visual	  -­‐	  the	  tactile	  sense	  often	  does	  not	  play	  a	  great	  part	  in	  them,	  
in	  fact	  porn	  movies	  are	  often	  criticized	  for	  depicting	  merely	  mechanical	  acts	  of	  
physical	  stimulation,	  rather	  than	  erotic	  explorations	  of	  the	  skin,	  and	  for	  often	  being	  
designed	  for	  the	  male	  gaze.	  	  It	  may	  be	  interesting	  to	  note,	  that	  Getzinger	  chose	  not	  
to	  include	  the	  intimate,	  personal	  touch	  in	  his	  examination.	  With	  a	  focus	  on	  the	  
personal,	  rather	  than	  the	  mere	  erotic,	  intimate	  touches	  between	  lovers	  will	  be	  
explored	  later	  in	  the	  thesis	  (see	  PinKom	  section	  below).	  	  
The	  way	  we	  view	  touch	  and	  its	  moral	  position	  might	  shape	  thought	  in	  haptic	  design	  
research.	  There	  is	  a	  perceivable	  sidestepping	  of	  a	  certain	  type	  of	  touch,	  the	  emphasis	  
on	  functional	  touch	  is	  very	  dominant.	  	  Similar	  to	  Weber's	  (1990)	  assumption	  that	  this	  
traditional	  view	  of	  physical	  contact	  as	  being	  impure	  might	  account	  for	  western	  
reluctance	  to	  accept	  and	  endorse	  therapeutic	  touch	  as	  valid,	  this	  may	  also	  account	  
for	  a	  reluctance	  or	  inhibition	  to	  really	  tackle	  touch,	  in	  its	  full	  spectrum	  of	  expression,	  
in	  terms	  of	  technological	  interfaces.	  To	  draw	  this	  conclusion,	  Weber	  draws	  on	  the	  
concept	  of	  Eros	  and	  Agape	  –	  this	  commenced	  in	  classical	  Greece	  and	  flourished	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especially	  in	  Christianity.	  The	  distinction	  between	  Eros	  and	  Agape	  is	  that	  the	  former	  
stands	  for	  sensual	  love,	  desire	  and	  self-­‐interest;	  touching	  would	  be	  for	  romantic	  
sexual	  purposes	  and	  would	  be	  viewed	  as	  both	  something	  to	  frown	  upon	  and	  treat	  as	  
unsophisticated.	  While	  in	  Agape,	  love	  is	  sacred,	  without	  desire	  or	  self-­‐interest	  -­‐	  like	  
the	  love	  for	  a	  god,	  and	  would	  exclude	  touch,	  by	  definition.	  Certainly,	  Descartes’	  
ideas,	  derived	  to	  some	  extent	  from	  this	  distinction,	  have	  influenced	  the	  view	  of	  the	  
senses	  as	  impure,	  and	  the	  rational	  mind	  as	  ideal,	  and	  have	  left	  their	  	  legacy	  even	  on	  
computer	  interface	  design.	  
2.2.2 Revival	  of	  the	  Haptic	  
However,	  for	  all	  this	  evidence	  of	  a	  neglected	  Haptic	  Sense,	  Getzinger	  (2005)	  
observes	  signs	  that	  the	  haptic	  senses	  are	  now	  enjoying	  a	  renewed	  interest	  and	  an	  
increasingly	  recognised	  value.	  He	  states	  that	  with	  the	  development	  of	  machines	  and	  
automata,	  the	  body	  has	  become	  less	  important	  for	  work.	  As	  we	  are	  less	  engaged	  in	  
physical	  labour,	  we	  search	  for	  strenuous	  and	  more	  and	  more	  engaging	  exercise,	  such	  
as	  extreme	  sports	  and	  artificial	  adventure	  parks.	  We	  have	  more	  leisure	  time,	  which	  
we	  spend	  in	  elaborate	  fitness	  programmes.	  Also,	  massage	  techniques	  and	  Eastern	  
inspired	  complementary	  therapies	  involving	  the	  body	  and	  all	  senses	  are	  becoming	  
increasingly	  popular.	  	  
Western	  science	  is	  moving	  from	  an	  empiricist,	  dualistic	  standpoint	  to	  accept	  theories	  
of	  unity	  and	  interconnectedness	  like	  relativity	  theory	  and	  quantum	  mechanics.	  The	  
concept	  ‘Therapeutic	  touch’	  as	  an	  outcome	  of	  compassionate	  intent	  is	  having	  to	  be	  
discussed	  –	  even	  though	  western	  science	  would	  traditionally	  reject	  such	  a	  possibility	  
of	  cause	  and	  effect	  on	  a	  non-­‐fragmentary	  level.	  But	  it	  has	  been	  proven	  by	  the	  very	  
same	  science	  to	  have	  an	  effect	  for	  in	  example	  the	  alleviation	  of	  pain	  or	  anxiety,	  and	  
affirmation.	  Although:	  "Touching	  as	  a	  therapeutic	  event	  is	  not	  so	  simple	  as	  a	  
mechanical	  procedure	  or	  a	  drug,	  because	  it	  is,	  above	  all,	  an	  act	  of	  communication"	  
(McCorkle	  &	  Hollenbach,	  1989).	  Simultaneously,	  new	  paradigms	  of	  science	  are	  being	  
introduced:	  Kuhn	  (1962)	  and	  Bohm	  (1980)	  stated	  that	  scientific	  paradigms	  are	  
always	  coloured	  by	  the	  intellectual	  climate	  of	  the	  time,	  which	  is	  paradoxically	  loaded	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with	  values	  and	  therefore	  up	  for	  negotiation.	  Kunz	  and	  Peper	  (1985)	  talk	  about	  the	  
idea	  that	  every	  organism	  is	  as	  well	  as	  a	  physical	  entity	  also	  a	  system	  of	  energy	  fields,	  
which	  permanently	  interact	  with	  all	  other	  organisms’	  energy	  fields	  -­‐	  so	  in	  a	  way,	  we	  
are	  constantly	  'in	  touch'	  with	  and	  influence	  each	  other.	  
The	  development	  of	  a	  Haptics	  research	  community	  and	  a	  general	  interest	  in	  physical	  
interfaces,	  as	  well	  as	  a	  general	  revival	  of	  the	  senses	  in	  social	  sciences	  is	  proof	  of	  a	  
potential	  awakening	  of	  the	  sense	  of	  touch	  in	  western	  society.	  A	  re-­‐orientation	  
towards	  embodiment	  is	  observable	  in	  some	  areas.	  Educational	  methods	  are	  starting	  
to	  re-­‐emphasise	  enactive	  knowledge	  and	  care	  and	  therapy	  situations	  are	  fostering	  
occupational	  therapy,	  involving	  objects	  and	  textures.	  Although	  it	  has	  also	  been	  
argued	  that	  to	  counteract	  the	  loss	  of	  skin	  contact,	  modern	  societies	  have	  created	  
new,	  wired	  skins	  in	  the	  form	  of	  a	  network	  of	  electronic	  devices	  (De	  Kerckhove,	  
1997).	  Media	  expert	  McLuhan	  has	  also	  commented	  on	  this,	  as	  quoted	  by	  Classen:	  	  
The	  theme	  of	  touch,	  which	  is	  so	  basic	  now	  with	  the	  TV	  generation…	  They,	  having	  
been	  x-­‐rayed	  by	  the	  TV	  image	  from	  early	  childhood,	  now	  feel	  the	  need	  of	  
handling	  all	  things	  in	  depth	  (McLuhan,	  cited	  by	  Classen,	  2005,	  p.273)	  	  
In	  this	  case	  the	  term	  'handling'	  is	  most	  probably	  referring	  to	  the	  literal	  meaning	  of	  
handling	  objects.	  McLuhan	  is	  considering	  a	  need	  by	  a	  generation	  growing	  up	  in	  an	  
ever-­‐expanding	  digital	  and	  visual	  media	  landscape	  to	  actually	  feel	  something	  in	  their	  
hands,	  rather	  than	  watching	  objects	  fleetingly	  appear	  on	  a	  screen.	  
The	  research	  interest	  for	  this	  thesis	  has	  been	  shown	  to	  be	  a	  timely	  one,	  part	  of	  a	  
larger	  cultural	  and	  social	  move	  to	  (re-­‐)engage	  with	  the	  senses.	  Several	  areas	  within	  
society	  and	  academic	  disciplines	  are	  driving	  research	  and	  development	  to	  
understand	  and	  support	  perception	  further	  –	  this	  is	  evident	  not	  the	  least	  in	  interface	  
design,	  with	  technological	  devices	  involving	  touch,	  gestures	  and	  haptics	  becoming	  
ubiquitous.	  
With	  the	  embracing	  of	  the	  idea	  that	  the	  mind	  and	  the	  body	  may	  not	  be	  separated,	  
and	  one	  may	  perform	  better	  in	  a	  holistic	  manner,	  a	  general	  urge	  in	  Human	  Computer	  
Interaction	  research	  for	  embodiment	  and	  added	  sensuality	  is	  emerging.	  Moving	  
away	  from	  a	  limited	  and	  reductionist	  interaction	  to	  an	  integrative	  and	  synthesizing,	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embodied	  one,	  the	  field	  of	  Haptic	  design	  research	  is	  one	  such	  pointer	  supporting	  this	  
development.	  For	  example,	  we	  find	  attempts	  to	  investigate	  and	  create	  the	  possibility	  
of	  communication	  and	  interaction	  via	  (computer-­‐mediated)	  touch,	  as	  can	  be	  seen	  in	  
the	  case	  studies	  in	  Appendix	  D.	  One	  question	  that	  has	  arisen	  is	  whether	  there	  could	  
be	  a	  language	  enabled	  by	  the	  sense	  of	  touch.	  If	  so,	  does	  this	  possibility	  manifest	  
from	  a	  particular	  philosophical	  model	  that	  attempts	  to	  comprehend	  touch?	  
2.2.3 Situating	  Haptic	  Devices	  
Renee	  Weber	  (1990),	  drawing	  on	  more	  general	  ideas	  about	  the	  human	  mind,	  body	  
and	  soul,	  introduces	  three	  models	  around	  the	  philosophy	  of	  touch,	  generally	  used	  to	  
define	  the	  human	  condition,	  and	  applies	  them	  to	  touch:	  the	  physical-­‐sensory	  model,	  
the	  psychological-­‐humanistic	  model	  and	  the	  field	  model.	  By	  introducing	  her	  models	  
here,	  different	  strands	  of	  haptic	  research	  will	  be	  mapped	  onto	  these	  different	  ways	  
of	  thinking	  about	  the	  body	  and	  self	  in	  the	  world,	  and	  what	  this	  might	  mean	  for	  the	  
design	  of	  interfaces.	  
2.2.3.1 Physical-­‐Sensory	  Model	  
	  
Fig	  7	   Cybergrasp	  haptic	  device	  (Cybergrasp,	  2008)	  
The	  physical-­‐sensory	  model	  as	  Weber	  puts	  it	  is	  aligned	  with	  
the	  aims	  and	  assumptions	  of	  Anglo-­‐American	  philosophy	  –	  
here,	  touch	  is	  seen	  as	  pure	  contact,	  made	  up	  of	  sense	  
impressions.	  This	  utilitarian	  approach	  can	  be	  found	  in	  
haptic	  devices	  used	  as	  tools	  designed	  for	  sensory	  substitution.	  In	  this	  view,	  the	  
source	  of	  touch	  would	  be	  irrelevant	  and	  the	  mechanical	  can	  therefore	  replace	  the	  
human.	  Here,	  the	  haptic	  device	  acts	  as	  a	  replacement	  of	  eyes,	  hands	  and	  ears	  to	  
provide	  information	  to	  us	  -­‐	  for	  example	  when	  working	  in	  hazardous	  or	  hard	  to	  reach	  
environments	  (e.g.	  drilling	  under	  the	  sea,	  performing	  minimally	  invasive	  surgery,	  
digging	  on	  the	  moon).	  Also,	  haptic	  assistive	  technologies	  for	  people	  with	  disabilities	  
can	  be	  classed	  in	  this	  category.	  Another	  example	  of	  devices	  using	  touch	  for	  its	  sense-­‐
impressions	  is	  haptic	  tools	  for	  sensory	  augmentation,	  which	  help,	  improve	  usability	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factors	  like	  efficiency	  (e.g.	  adding	  vibrotactile	  feedback	  to	  reduce	  task	  completion	  
time	  and	  errors,	  helping	  user	  navigation).	  Interestingly,	  haptic	  devices	  designed	  to	  
support	  the	  making	  process	  in	  art	  and	  design	  would	  also	  fit	  into	  this	  category.	  The	  
design	  parameters	  available	  for	  this	  approach	  are	  based	  on	  simulation	  and	  attempt	  a	  
reproduction/carbon-­‐copy	  of	  reality:	  Icons,	  realistic	  attributes	  and	  multiplexing	  of	  
information	  are	  key	  features.	  	  
2.2.3.2 Psychological-­‐Humanistic	  Model	  
	  
Fig	  8	   InTouch	  Haptic	  Device	  (Brave	  &	  Dahley,	  1997)	  
Weber	  classes	  the	  second	  model,	  the	  psychological-­‐
humanistic	  model,	  as	  expressing	  the	  concerns	  of	  
contemporary	  European	  philosophy,	  i.e.	  
phenomenology	  and	  existentialism	  –	  touch	  here	  is	  mainly	  concerned	  with	  humans’	  
interactions	  and	  the	  feelings	  that	  come	  with	  human	  relationships.	  Most	  philosophers	  
within	  this	  tradition,	  Weber	  suggests,	  would	  see	  feelings	  like	  sympathy	  and	  empathy	  
similar	  to,	  and	  best	  expressed	  through,	  touch,	  as	  in	  both	  acts	  the	  other	  is	  brought	  
closer,	  physically	  and	  psychologically.	  This	  model	  assumes,	  building	  on	  the	  physical-­‐
sensory	  model,	  that	  we	  can	  also	  use	  touch	  to	  reach	  out	  and	  communicate	  with	  
another	  person.	  In	  this	  case	  touch	  functions	  to	  create	  a	  connection.	  	  This	  approach	  
can	  be	  found	  in	  Haptics	  projects	  aiming	  to	  facilitate	  communication	  of	  affect,	  
presence	  and	  personal	  expression.	  The	  design	  materials	  here	  extend	  past	  copying	  
physical	  actualities	  to	  embrace	  meaning	  making	  through	  metaphors	  and	  personal	  
affordances.	  
2.2.3.3 Field	  Model	  
To	  treat	  a	  holistic	  sense	  such	  as	  touch	  within	  a	  reductionistic	  framework	  seems	  
problematic	  to	  me;	  to	  see	  it	  as	  an	  expression	  of	  a	  general	  holistic	  framework	  is	  
more	  consistent	  and	  philosophically	  more	  appealing.	  On	  these	  grounds,	  as	  well	  
as	  others,	  the	  field	  model	  of	  touch	  strikes	  me	  as	  the	  most	  interesting	  and	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promising	  one	  (Weber,	  1990,	  p.	  15)	  
	  
Fig	  9	   Telematic	  Dreaming	  (Grau,	  2000)	  
The	  third	  model,	  the	  field	  model,	  is	  thought	  by	  Weber	  
to	  be	  inspired	  by	  and	  harmonize	  with	  Eastern	  
philosophy	  and	  a	  holistic	  view	  of	  the	  world.	  Such	  a	  
model	  is	  gaining	  ground,	  as	  not	  just	  physical	  actions,	  but	  thoughts	  and	  emotion	  can	  
be	  seen	  as	  energy	  fields	  with	  a	  definite,	  noticeable	  effect	  on	  others.	  Regarding	  haptic	  
design,	  intent	  and	  context	  are	  the	  most	  characteristic	  design	  parameters	  in	  the	  field	  
model.	  Interesting	  projects	  to	  quote	  here	  would	  be	  Telematic	  Dreaming	  by	  Paul	  
Sermon	  (Grau,	  2000)	  and	  The	  Space	  Between	  Us	  by	  Gil	  Kahana	  (2005)	  –	  also	  see	  
Appendix	  D	  and	  the	  section	  on	  Abstraction	  vs.	  Verisimilitude.	  These	  interactive	  
installations	  basically	  succeeded	  in	  participants	  feeling	  touched,	  without	  any	  physical	  
contact	  taking	  place.	  
	  
These	  three	  philosophical	  models	  provide	  a	  potential	  way	  to	  categorise	  the	  foci	  of	  
approaches	  taken	  by	  haptic	  investigators	  in	  terms	  of	  communicative	  intention	  –	  
literally	  extending	  the	  reach	  of	  touch	  feedback	  from	  the	  environment	  in	  the	  case	  of	  
the	  physical-­‐sensory	  model,	  establishing	  exchange	  of	  affect	  in	  the	  psychological-­‐
humanistic	  and	  facilitating	  potential	  systemic	  change	  via	  the	  field	  model.	  They	  do	  
not	  predict	  a	  consistency	  in	  the	  communicated	  values	  that	  would	  allow	  a	  universal	  
language	  to	  arise.	  The	  search	  for	  a	  system	  of	  such	  consistency	  will	  be	  described	  in	  
later	  chapters,	  leading	  to	  the	  studies,	  which	  were	  developed	  for	  this	  thesis	  in	  order	  
to	  support	  these	  endeavours,	  such	  as	  the	  Haptic	  Box	  and	  the	  PinKom	  study.	  	  
This	  section	  has	  provided	  a	  brief	  overview	  about	  the	  kind	  of	  philosophical	  
discussions	  appropriate	  to	  a	  consideration	  of	  touch,	  particularly	  the	  aspect	  of	  a	  
predominant	  view	  of	  the	  body	  and	  mind	  as	  separate,	  but	  also	  how	  this	  can	  be	  and	  is	  
being	  challenged	  more	  recently.	  Being	  aware	  of	  the	  social	  and	  historical	  construction	  
of	  the	  senses	  allows	  us	  to	  think	  further	  into	  re-­‐ordering	  and	  re-­‐defining	  our	  
understanding	  of	  how	  we	  perceive	  the	  world.	  The	  development	  of	  multisensory	  
technologies	  enables	  a	  re-­‐configuration	  and	  re-­‐arrangement	  of	  sensory	  stimulatory	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environments	  and	  interaction,	  as	  per	  design	  –	  and	  to	  fully	  explore	  this	  potential	  new	  
design	  space,	  a	  historically	  informed	  view	  and	  comprehension	  has	  to	  be	  preceding	  
2.2.4 Visual	  Arts	  –	  Haptic	  Art?	  
Further	  to	  exploring	  the	  history	  of	  the	  sense	  of	  touch,	  it	  is	  worth	  looking	  at	  some	  of	  
the	  developments	  in	  visual	  arts,	  in	  order	  to	  contemplate	  what	  conclusions	  might	  be	  
drawn	  in	  terms	  of	  designing	  for	  the	  haptic	  sense	  creatively.	  At	  the	  end	  of	  the	  19th	  
century,	  after	  visual	  technologies	  made	  the	  rendering	  of	  reality	  in	  exact	  terms	  by	  
painting	  fairly	  obsolete,	  artists	  turned	  to	  other	  ways	  of	  expressing	  themselves.	  
Photography	  and	  early	  film	  allowed	  for	  exact	  representation	  of	  visual	  features,	  
superseding	  painting's	  original	  purposes.	  Free	  to	  explore,	  artists	  decided	  to	  depict	  
internal	  states,	  outward	  emotions	  and	  various	  perspectives	  -­‐	  expressing	  something	  
more	  metaphorical,	  intangible.	  Visual	  styles	  became	  experimental:	  far	  more	  varied	  
and	  rich	  in	  the	  way	  content	  was	  approached.	  Representations	  did	  not	  have	  to	  be	  real	  
or	  literal,	  shapes	  colour	  and	  composition	  were	  seized	  as	  abstract	  means	  of	  
expression.	  Looking	  at	  the	  history	  of	  visual	  representation	  in	  art,	  we	  observe	  a	  move	  
from	  the	  figurative	  realism	  via	  the	  expressionist	  phase	  emphasising	  the	  emotional,	  
personal	  character	  of	  the	  author	  through	  to	  abstract	  modern	  art	  e.g.	  cubism,	  looking	  
at	  objects	  from	  different	  perspectives.	  Is	  it	  possible	  to	  detect	  or	  even	  implement	  
such	  a	  development	  in	  the	  history	  of	  haptic	  representation	  /	  haptic	  device	  creation?	  
Is	  the	  dominance	  of	  visual	  culture	  being	  challenged	  by	  a	  re-­‐emerging	  interest	  in	  
other	  senses?	  Moving	  into	  modern	  art,	  with	  styles	  becoming	  ever	  more	  graphic,	  
experimentation	  pushed	  technological	  development,	  led	  to	  a	  greater	  understanding	  
of	  perception	  and	  enabled	  a	  more	  accurate	  usage	  and	  dynamic	  composition	  of	  visual	  
elements	  (for	  example,	  in	  photography	  and	  colour	  theory).	  Design	  for	  the	  haptic	  
sense	  will	  demand	  its	  own	  set	  of	  experimentation,	  haptic	  sketches	  and	  design	  
interactions.	  A	  mere	  translation	  from	  visual	  to	  haptic	  –	  making	  graphs	  haptically	  
explorable	  -­‐	  seems	  paradoxical	  and	  will	  not	  be	  fruitful,	  a	  more	  culturally	  informed	  
interpretation	  and	  transposition	  between	  media	  and	  modes	  is	  called	  for.	  A	  thorough	  
and	  systematic	  investigation	  of	  synaesthetic	  processes	  and	  metaphor	  could	  be	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enabled	  with	  multisensory	  technologies.	  With	  multisensory	  and,	  essentially,	  Haptic	  
technology	  becoming	  more	  widely	  available,	  a	  broader	  group	  of	  artist	  and	  
researchers	  will	  be	  enabled	  and	  invited	  to	  get	  involved	  in	  this	  experimentation	  
(Enriquez	  &	  MacLean,	  2003;	  Lee	  et	  al,	  2004).	  
Good	  design	  can	  also	  ensure	  user	  engagement	  by	  minimal	  perceptual	  cues	  –	  like	  in	  
the	  videogame	  Pong	  for	  example.	  With	  very	  simple	  block	  shapes,	  users	  are	  still	  
engaged	  and	  enjoy	  playing	  the	  game,	  because	  there	  is	  enough	  provision	  for	  them	  to	  
actively	  participate.	  This	  allows	  the	  suggestion	  that	  high-­‐end	  haptic	  devices	  with	  
great	  performance	  in	  terms	  of	  fidelity,	  resolution	  and	  latency	  are	  not	  necessarily	  
essential	  for	  exploring	  the	  haptic	  sense	  as	  a	  design	  space.	  The	  success	  of	  such	  an	  
approach	  is	  due	  to	  coherent	  context,	  use	  of	  metaphor	  and	  generating	  motivation	  
and	  engagement.	  It	  is	  evident	  that	  the	  mind’s	  ability	  to	  relate	  from	  simple	  visual	  
representations	  into	  a	  meaningful	  experience	  is	  outstanding	  –	  and	  rewarding.	  This	  
could	  be	  utilized	  more,	  extending	  this	  designing	  for	  the	  haptic	  sense	  will	  be	  more	  
demanding	  creatively,	  but	  could	  result	  in	  poetic	  and	  engaging	  solutions.	  It	  would	  
give	  room	  for	  a	  more	  participative	  user	  experience,	  leaving	  room	  for	  own	  thoughts	  
and	  ‘filling	  in	  gaps’	  rather	  than	  mere	  passive	  consumption	  of	  a	  simulatory	  world.	  It	  
may	  mean	  breaking	  experience	  down	  into	  simple	  elements	  which	  can	  be	  put	  
together	  suggestively,	  so	  the	  user	  can	  have	  room	  for	  their	  own	  imagination.	  
How	  could	  this	  manifest	  itself	  in	  Haptics?	  Could	  we	  move	  on	  from	  the	  idea	  of	  ‘Haptic	  
Icons’	  to	  explore	  the	  concept	  of	  ‘Haptic	  Abstracts’?	  Considering	  questions	  such	  as	  
this	  may	  push	  the	  design	  space	  outwards	  to	  incorporate	  really	  new	  approaches.	  To	  
sum	  up,	  designing	  for	  the	  haptic	  sense	  might	  be	  well	  positioned	  in	  the	  field	  of	  Art	  &	  
Design,	  through	  the	  accumulation	  of	  approaches	  and	  techniques	  from	  the	  visual	  arts	  
and	  a	  focus	  on	  the	  poetic	  and	  human	  experience.	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2.3 The	  Nature	  of	  Touch	  
After	  exploring	  the	  historical	  and	  cultural	  development	  of	  some	  of	  the	  concepts	  
surrounding	  the	  sense	  of	  touch,	  it	  is	  necessary	  to	  ground	  this	  thesis	  by	  reviewing	  
some	  of	  the	  literature	  regarding	  the	  nature	  of	  touch	  –	  what	  role	  does	  it	  play	  in	  
human	  development,	  emotions	  and	  nonverbal	  communication?	  Only	  with	  a	  fair	  
understanding	  of	  some	  of	  the	  intricacies	  involved	  here	  can	  one	  begin	  to	  design	  for	  
the	  sense	  of	  touch	  in	  a	  holistic	  and	  innovative	  manner.	  	  
Some	  of	  the	  questions	  that	  require	  some	  thought	  are	  for	  example,	  what	  the	  sense	  of	  
touch	  is	  really	  good	  for.	  The	  sense	  of	  touch	  may	  vary	  in	  the	  quality	  and	  precision	  of	  
information	  it	  delivers	  -­‐	  but	  the	  messages	  it	  does	  deliver	  are	  powerful.	  It	  does	  seem	  
that	  we	  would	  tend	  to	  believe	  and	  trust	  our	  haptic	  sense	  the	  most.	  It	  does	  not	  seem	  
to	  be	  a	  'virtual'	  sense,	  no	  'digital	  image'	  that	  we	  cannot	  trust	  anymore,	  touch	  still	  
seems	  to	  communicate	  'real'.	  	  
Skin	  contact	  is	  the	  basic	  condition	  of	  touch,	  without	  skin	  contact	  there	  is	  no	  
touch	  impression.	  Touch	  delivers	  the	  most	  immediate	  sense	  impression.	  It	  relates	  
directly	  to	  the	  reality	  of	  one's	  own	  body.	  […]	  As	  such,	  the	  sense	  of	  touch	  has	  a	  
greater	  significance	  for	  belief	  in	  reality	  of	  the	  outside	  world	  than	  the	  other	  
senses.	  (Ulbricht,	  1988,	  p.31)	  
Through	  the	  handshake	  we	  confirm	  or	  fine-­‐tune	  what	  we	  have	  already	  perceived	  
with	  our	  eyes	  or	  ears.	  In	  western	  society,	  we	  look	  at	  a	  new	  acquaintance,	  say	  a	  
greeting	  and	  then	  shake	  hands.	  When	  negotiating	  a	  business	  deal,	  we	  look	  at	  the	  
facts,	  exchange	  opinions	  and	  then	  seal	  the	  agreement	  by	  shaking	  hands.	  It	  is	  almost	  
like	  when	  we	  have	  utilized	  and	  exhausted	  our	  audio-­‐visual	  senses,	  we	  need	  our	  
touch	  sense	  to	  confirm	  the	  idea	  in	  our	  head.	  Touch	  on	  the	  one	  hand	  is	  the	  most	  
invasive	  sense,	  because	  it	  requires	  direct	  body	  contact,	  but	  maybe	  that	  is	  why	  it	  is	  
the	  most	  trustworthy	  to	  us.	  When	  we	  go	  shopping,	  we	  look	  at	  things	  we	  like	  and	  if	  
we	  are	  really	  interested,	  we	  pick	  them	  up	  –	  we	  handle	  the	  material,	  look	  at	  it	  from	  
all	  sides,	  feel	  the	  weight.	  When	  we	  don’t	  understand	  what	  we	  are	  reading,	  we	  pick	  it	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up	  from	  the	  desk	  and	  hold	  it	  closer…	  and	  that	  is	  not	  just	  to	  help	  our	  eyes	  –	  it	  is	  more	  
to	  help	  us	  make	  a	  connection,	  a	  relation	  to	  the	  material	  we	  are	  trying	  to	  understand	  
–	  trying	  to	  ‘grasp’.	  I	  have	  termed	  this	  phenomenon	  as	  touch	  being	  'the	  highest	  
instance	  of	  belief',	  a	  seal	  that	  confirms	  all	  other	  sensory	  information.	  The	  idiom	  
"Seeing	  is	  Believing	  -­‐	  But	  Feeling	  is	  the	  truth",	  officially	  coined	  by	  British	  clergyman	  
Thomas	  Fuller	  in	  the	  17th	  century,	  is	  these	  days	  normally	  cited	  as	  "Seeing	  is	  
Believing",	  which	  is	  another	  example	  of	  the	  Haptic	  sense	  becoming	  subordinate	  to	  
the	  Visual.	  Without	  the	  addition	  that	  'feeling'	  may	  be	  the	  superior	  sense	  here,	  it	  
completely	  loses	  its	  original	  meaning.	  The	  meaning	  that	  seeing	  is	  prone	  to	  illusion,	  
and	  it	  is	  may	  be	  trustworthier	  to	  believe	  the	  existence	  of	  something	  one	  has	  touched	  
and	  physically	  explored.	  An	  examination	  of	  proverbs	  and	  idioms	  can	  show	  a	  lot	  of	  
our	  perception	  of	  sensory	  hierarchies.	  Touch	  often	  features	  in	  a	  transformative,	  but	  
also	  consolidating	  matter,	  as	  for	  example	  in	  the	  phrase	  ‘the	  finishing	  touch’.	  	  
2.3.1 Touching	  and	  Human	  Development	  
Touch	  is	  a	  very	  important	  sense	  for	  human	  development.	  Probably	  the	  first	  sense	  to	  
become	  active	  in	  the	  womb	  (Montagu,	  1971),	  it	  plays	  a	  crucial	  role	  in	  all	  first	  
explorations	  of	  the	  world.	  The	  child	  gains	  knowledge	  of	  themselves	  and	  their	  
environment	  by	  touching,	  handling	  and	  manipulating.	  The	  following	  is	  a	  brief	  
overview	  of	  elements	  of	  human	  development,	  fostered	  by	  touch	  -­‐	  and	  the	  complex	  
human	  architecture,	  which	  intrinsically	  links	  the	  body	  and	  mind.	  
A	  child’s	  healthy	  growth	  is	  nurtured	  by	  receiving	  regular	  tactile	  stimulation.	  Infants	  
who	  are	  stroked,	  cuddled	  and	  held,	  increase	  their	  height	  and	  weight	  faster,	  which	  is	  
important	  for	  survival	  (Vickers	  et	  al,	  2004).	  On	  the	  other	  hand,	  a	  deprivation	  of	  the	  
tactile	  sense	  can	  have	  detrimental	  effect	  on	  physical	  growth.	  In	  western	  societies,	  
babies	  are	  more	  and	  more	  distanced	  from	  their	  parents	  due	  to	  a	  desire	  for	  self-­‐
sufficiency	  and	  over-­‐reliance	  on	  "holding	  apparatuses"	  such	  as	  prams	  (Heller,	  1997).	  
Humans	  also	  form	  relationships	  and	  bonds	  through	  touch;	  this	  is	  essential	  for	  the	  
survival	  of	  infants.	  Parental	  contact	  like	  grooming	  and	  caressing	  results	  in	  more	  fully	  
developed	  dendrites	  and	  more	  synapses	  per	  nerve	  cell	  than	  in	  children	  who	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experienced	  a	  lack	  of	  this	  (Goldschmidt,	  1997).	  Mental	  and	  emotional	  adjustment	  is	  
also	  linked	  to	  tactile	  experiences	  (Pearce	  at	  al,	  1995).	  There	  may	  be	  links	  between	  
the	  perception	  of	  not	  being	  touched	  and	  feeling	  of	  maladjustment,	  such	  as	  
depression	  and	  feeling	  neglected.	  Mental	  health	  problems	  and	  learning	  difficulties	  
have	  been	  linked	  to	  inappropriate	  tactile	  stimulation	  –	  this	  could	  be	  in	  the	  form	  of	  
the	  lack	  of	  touch	  or	  unwanted	  touch	  in	  the	  form	  of	  physical	  abuse.	  
Sense	  impressions,	  particularly	  of	  the	  haptic	  sense,	  during	  childhood	  form	  the	  basis	  
of	  cognitive	  processes	  and	  communication	  –	  they	  form	  the	  foundation	  for	  learning	  to	  
walk,	  talk,	  read	  and	  write.	  Johnson	  (2007)	  gives	  a	  good	  overview	  of	  how	  the	  skills	  we	  
learn	  as	  infants	  are	  the	  foundations	  which	  are	  still	  relevant	  for	  pre-­‐reflective	  and	  
unconscious	  processes	  and	  do	  not	  disappear,	  but	  become	  the	  base	  layer	  for	  
conceptual	  skills.	  
At	  infant	  stage,	  the	  constant	  moving	  of	  hand	  and	  mouth	  is	  more	  important	  for	  active	  
perception,	  than	  the	  eyes	  (Buerger,	  1956).	  The	  embryonic	  and	  post-­‐natal	  grip	  
develops	  into	  a	  prerequisite	  for	  understanding	  (Blechschmidt,	  1977).	  Later	  in	  life,	  
more	  abstract	  concepts	  like	  words	  are	  added	  until	  they	  almost	  replace	  the	  need	  for	  
touching	  to	  ‘grasp’	  things.	  "Symbols	  without	  primary	  tactile	  validation	  in	  childhood	  
may	  be	  less	  clearly	  and	  less	  effectively	  established	  as	  basic	  codes	  of	  communication	  
later	  in	  life"	  (Frank,	  1957),	  which	  reiterates	  the	  importance	  of	  touch	  in	  early	  life	  
experiences.	  It	  means	  that	  without	  an	  equivalent	  foundation	  in	  the	  physical	  world,	  it	  
is	  hard	  for	  children	  to	  develop	  abstract	  codes,	  which	  are	  crucial	  for	  social	  
communication.	  There	  is	  a	  commonality	  from	  being	  similarly	  embodied	  and	  the	  
direct	  grasp	  of	  the	  world,	  enabled	  through	  this	  embodiment.	  
Children	  are	  probably	  receiving	  the	  most	  touching	  of	  all	  the	  age	  groups,	  and	  this	  is	  
very	  important	  for	  their	  healthy	  mental,	  physical	  and	  emotional	  development.	  It	  
ensures	  their	  ability	  to	  bond	  with	  their	  peers	  and	  caregivers.	  Touch	  in	  an	  adult	  world	  
is	  less	  frequent	  and	  less	  crucial,	  as	  the	  foundations	  for	  a	  memory	  of	  the	  world	  have	  
been	  established.	  From	  experiencing	  objects,	  we	  can	  later	  classify	  them	  into	  
categories	  and	  recognise	  similar	  objects	  as	  part	  of	  that	  group,	  without	  having	  seen	  or	  
experienced	  them	  before.	  	  
When	  we	  see	  haptic	  and	  textural	  qualities,	  we	  already	  know	  what	  they	  are	  likely	  to	  
feel	  like.	  Sometimes	  to	  have	  an	  internal	  concept	  of	  a	  haptic	  sensation,	  we	  only	  need	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to	  see	  it.	  You	  could	  say	  that	  when	  we	  see	  something,	  we	  are	  already	  touching	  it.	  
Ulbricht	  (1998)	  describes	  the	  intrinsic	  linking	  of	  activity	  and	  effect	  of	  the	  eye	  and	  the	  
hand	  on	  each	  other,	  and	  in	  turn	  on	  inner	  mental	  concepts.	  	  Object	  recognition	  
initially	  happens	  through	  grasping	  and	  manipulating	  it.	  Only	  later,	  when	  mental	  
concepts	  have	  been	  formed,	  can	  a	  person	  recognise	  objects	  experienced	  only	  
visually.	  Because	  the	  visual	  sense	  takes	  over	  as	  the	  sense	  for	  exploration	  and	  
discovery,	  the	  hand	  becomes	  less	  important,	  it	  seems	  –	  but	  also	  more	  available	  for	  
non-­‐essential	  tasks	  such	  as	  creative	  performance.	  Linking	  with	  neurological	  function,	  
this	  can	  lead	  to	  innovation	  –	  which	  is	  important	  within	  human	  development	  from	  
infant	  to	  adult,	  but	  also	  more	  generally	  in	  cultural	  evolution.	  
A	  question	  to	  consider	  is	  whether	  in	  the	  Digital	  era,	  HCI	  is	  demanding	  less	  manual	  
skills	  and	  therefore	  depriving	  the	  human	  species	  of	  important	  qualities	  for	  
expression	  and	  creativity.	  Use	  of	  the	  hand	  is	  often	  reduced	  to	  the	  push	  of	  a	  button	  
and	  the	  use	  of	  an	  input	  device.	  Even	  devices	  that	  require	  specific	  skills,	  like	  game	  
controllers,	  still	  only	  allow	  a	  restricted	  set	  of	  movements	  and	  do	  not	  allow	  the	  user	  
to	  overrule	  these	  actions.	  Leroi-­‐Gourhan	  noted	  on	  a	  loss	  of	  manual	  skills	  that	  on	  an	  
evolutionary	  level	  this	  would	  not	  matter,	  but	  on	  an	  individual	  level,	  to	  lose	  the	  ability	  
to	  ‘think	  with	  the	  hands’	  is	  a	  substantial	  loss	  to	  human	  and	  phylogenetic	  thought.	  
The	  regression	  of	  the	  hand	  could	  imply	  a	  regression	  of	  individual	  and	  creative	  
thought:	  
Not	  knowing	  what	  to	  do	  with	  your	  hands,	  would,	  at	  the	  level	  of	  the	  species,	  not	  
be	  particular	  cause	  for	  concern,	  (…)	  but	  at	  an	  individual	  level	  it	  is	  quite	  different.	  
To	  not	  be	  able	  to	  think	  with	  the	  hands	  would	  imply	  losing	  part	  of	  the	  normal	  and	  
phylogenetic	  human	  thought.	  (Leroi-­‐Gourhan,	  1964,	  p.43)	  
There	  is	  a	  body	  of	  evidence	  showing	  that	  the	  phenomenon	  of	  therapeutic	  touch	  in	  
nursing	  is	  probably	  responsible	  for	  decreased	  recovery	  time	  and	  general	  wellbeing,	  
for	  example	  calmness	  before	  an	  operation.	  Unfortunately,	  elderly	  people	  in	  care	  
homes	  or	  living	  on	  their	  own	  often	  do	  not	  receive	  enough	  touching	  and	  their	  
vulnerable	  state	  means	  that	  this	  is	  now	  discouraged	  even	  further.	  An	  increasing	  
number	  of	  interactive	  projects	  as	  part	  of	  the	  inclusive	  design	  paradigm	  have	  been	  
tackling	  this	  problem	  by	  creating	  tactile	  means	  for	  the	  whole	  family	  to	  stay	  in	  touch	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(Tollmar	  et	  al,	  2000,	  DiSalvo	  et	  al,	  2003).	  Elderly	  people	  are	  a	  good	  target	  group	  to	  
design	  touch	  devices	  for,	  as	  their	  reliance	  on	  verbal/cognitive	  messages	  become	  less	  
reliable	  or	  desired.	  
2.3.2 Touch	  and	  Emotions	  
Emotions	  have	  often	  been	  excluded	  in	  the	  search	  for	  meaning,	  as	  in	  a	  Cartesian	  
sense	  they	  have	  to	  be	  separated	  from	  cognition	  and	  less	  valued	  due	  to	  their	  
subjectivity	  –	  in	  an	  embodied	  view	  of	  the	  world	  however,	  emotions	  form	  an	  intrinsic	  
part	  in	  the	  meaning	  making	  process	  and	  are	  linked	  to	  cognition	  through	  the	  body.	  As	  
Johnson	  (2007)	  explains,	  through	  emotions	  we	  can	  make	  judgements	  on	  the	  things	  
that	  are	  useful	  to	  us.	  Antonio	  Damasio	  is	  a	  neuroscientist	  who	  considers	  the	  
philosophical	  implications	  of	  his	  work,	  and	  is	  particularly	  working	  to	  reveal	  the	  
limitations	  of	  a	  Cartesian	  view,	  by	  considering	  how	  emotion	  and	  feeling	  are	  
connected	  to	  our	  mind	  and	  communication.	  He	  introduced	  the	  ‘Somatic	  markers	  
hypothesis’	  by	  reviewing	  case	  studies	  of	  his	  patients	  in	  an	  attempt	  to	  show	  a	  
scientific	  basis	  that	  emotions	  are	  fundamentally	  important	  to	  reason,	  and	  that	  
emotions	  are	  fundamentally	  linked	  to	  the	  body	  (Damasio,	  1994).	  
The	  sense	  of	  touch	  seems	  very	  closely	  related	  to	  the	  world	  of	  emotions.	  It	  can	  cause	  
pain	  and	  pleasure,	  very	  extreme	  polarities	  with	  many	  types	  of	  shading	  in	  between.	  
Research	  in	  Sweden	  has	  shown	  that	  we	  seem	  to	  have	  a	  system	  of	  nerve	  fibres	  
primarily	  reserved	  to	  transmit	  emotional	  aspects	  of	  touch	  to	  the	  brain	  (Rostler,	  
2002)	  -­‐	  in	  this	  case	  referring	  to	  a	  subset	  of	  nerves,	  which	  respond	  to	  slow	  stroking	  
and	  light	  touches,	  being	  therefore	  mainly	  useful	  for	  the	  instigation	  of	  pleasure.	  
Physiological	  processes	  can	  have	  their	  counterpart	  in	  emotional	  reflections,	  usually	  
as	  part	  of	  nonverbal	  communication.	  In	  terms	  of	  emotions	  as	  an	  important	  factor	  in	  
human	  society	  and	  survival,	  Turner	  observes	  that	  emotional	  states	  offer	  signs	  of	  
readiness,	  significance,	  texture	  and	  nuance	  and	  facilitate	  a	  very	  rapid,	  and	  almost	  
immediate	  way	  of	  communicating	  nonverbally	  (Turner,	  1997).	  Much	  emotion	  is	  
unconsciously	  expressed,	  the	  speed	  and	  range	  of	  emotion	  that	  can	  be	  
communicated	  is	  important	  for	  survival.	  There	  is	  no	  conscious	  deliberation	  or	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construction	  of	  abstract	  language	  -­‐	  this	  frees	  channels	  of	  communication	  and	  helps	  
interaction	  flow.	  	  
In	  a	  study	  on	  the	  emotional	  communicative	  potential	  of	  touch,	  Hertenstein	  and	  
colleagues	  (Hertenstein	  et	  al,	  2006)	  found	  that	  participants	  in	  the	  US	  and	  in	  Spain	  
successfully	  decoded,	  or	  interpreted,	  the	  emotions	  anger,	  fear,	  disgust,	  love,	  
gratitude	  and	  sympathy	  not	  just	  by	  being	  touched	  themselves,	  but	  even	  by	  merely	  
watching	  somebody	  else	  being	  touched.	  Further	  to	  this,	  the	  researcher	  criticise	  a	  
bias	  in	  emotional	  communication	  research	  towards	  the	  facial	  and	  vocal	  expressions,	  
neglecting	  the	  tactile	  channel.	  In	  a	  further	  study	  they	  found	  that	  participants	  
successfully	  communicated	  the	  emotions	  anger,	  fear,	  disgust,	  love,	  gratitude,	  and	  
sympathy,	  as	  well	  as	  happiness	  and	  sadness	  via	  touch	  –	  the	  latter	  two	  being	  the	  
most	  surprising,	  as	  these	  had	  not	  been	  demonstrated	  yet	  (Hertenstein	  et	  al,	  2009).	  
2.3.3 Nonverbal	  Communication	  
Touch	  plays	  a	  great	  part	  in	  nonverbal	  communication,	  in	  formal	  and	  informal	  
situations.	  In	  how	  far	  this	  could	  be	  a	  language,	  is	  subject	  to	  debate,	  and	  research	  in	  
the	  Haptic	  Design	  community	  described	  later	  is	  attempting	  to	  describe	  a	  vocabulary	  
or	  at	  least	  find	  some	  sort	  of	  grammar	  to	  the	  nonverbal	  expressions	  via	  touch.	  	  
Haptic	  activity	  can	  reveal	  information	  about	  our	  inner	  state.	  When	  engaging	  our	  
body	  we	  do	  not	  just	  aim	  to	  achieve	  a	  certain	  intentional	  task,	  the	  way	  we	  go	  about	  
things	  also	  reveals	  and	  expresses	  our	  mental	  attitude	  through	  nonverbal	  
communication.	  The	  physical	  phenomenon	  of	  muscular	  tension	  in	  the	  body	  can	  
actually	  be	  used	  to	  metaphorically	  describe	  inner	  tension,	  anxiety	  and	  stress.	  
Ulbricht	  (1988)	  describes	  how	  this	  phenomenon	  of	  inner	  state	  finding	  expression	  in	  
physical	  motion	  is	  especially	  clear	  in	  handwriting,	  which	  can	  reveal	  levels	  of	  inner	  
tension	  or	  calmness,	  by	  reflecting	  the	  state	  of	  tension	  in	  its	  form.	  The	  visual	  form	  of	  
the	  letters	  in	  handwriting	  here	  corresponds	  with	  the	  visual	  and	  haptic	  impression	  of	  
the	  movement	  the	  hand	  and	  arm	  will	  have	  to	  perform	  to	  achieve	  these	  forms.	  
Bruttel	  (2000)	  described	  how	  hands	  reveal	  rich	  information	  about	  a	  person.	  
We	  gather	  a	  lot	  of	  information	  about	  someone	  not	  just	  by	  looking	  at	  someone	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(visual	  information),	  but	  also	  by	  a	  simple	  handshake	  (haptic	  information).	  The	  
parameters	  a	  handshake	  informs	  us	  about	  are	  grip	  strength,	  moisture	  and	  
temperature,	  texture	  and	  frequency	  and	  duration.	  We	  associate	  meanings	  with	  
information	  we	  receive	  –	  are	  the	  hands	  sweaty,	  is	  the	  grip	  firm?	  Depending	  on	  our	  
cultural	  experience,	  we	  might	  (wrongly	  or	  rightly)	  associate	  a	  limp,	  moist	  handshake	  
with	  someone	  passive,	  lethargic	  and	  unassertive	  whereas	  a	  firm	  grip	  tends	  to	  
suggest	  that	  this	  person	  is	  strong,	  decisive	  and	  authoritative.	  	  Maryanski	  observed	  
that	  sensations	  transmitted	  through	  touch	  instantly	  reveal	  information	  about	  the	  
internal	  state	  of	  the	  conversation	  or	  interaction	  partner,	  which	  in	  terms	  of	  evolution	  
and	  survival	  is	  important	  to	  gage	  whether	  the	  other	  is	  going	  to	  be	  friendly	  or	  hostile	  
(Maryanski,	  1997).	  Only	  by	  touching	  can	  we	  find	  out	  and	  verify	  some	  of	  the	  
information	  we	  need	  when	  meeting	  another	  person.	  Assessing	  them	  from	  a	  distance	  
could	  result	  in	  an	  ambiguous	  judgement.	  To	  be	  close	  enough	  to	  touch,	  and	  receive	  
all	  this	  information,	  seems	  to	  offer	  a	  much	  more	  wholesome	  and	  trustworthy	  
'picture'.	  	  Avis	  (1998)	  has	  suggested	  that	  touch	  and	  nonverbal	  communication	  is	  
slightly	  outside	  the	  potential	  for	  misunderstanding	  and	  misinterpretation.	  The	  touch	  
itself	  has	  no	  misunderstanding,	  it	  is	  almost	  binary	  in	  the	  way	  it	  is	  either	  there	  or	  not,	  
and	  the	  meanings	  surrounding	  it	  can	  be	  misunderstood	  and	  depend	  on	  contextual	  
parameters.	  A	  hug	  takes	  on	  a	  completely	  different	  meaning	  if	  the	  facial	  expression	  
looks	  forced	  or	  deceitful.	  Because	  of	  the	  invasive	  nature	  of	  touch,	  this	  becomes	  a	  
particularly	  sensitive	  subject.	  The	  meaning	  of	  touch	  can	  be	  utilized	  and	  distorted,	  
touch	  itself	  cannot.	  This	  may	  be	  one	  reason	  why	  touch,	  and	  the	  abuse	  of	  power	  that	  
can	  come	  with	  it,	  is	  such	  a	  difficult	  subject	  within	  society	  today.	  
The	  importance	  of	  touch	  for	  human	  development,	  emotions	  and	  nonverbal	  
communication	  in	  non-­‐mediated	  scenarios	  has	  been	  discussed	  by	  reviewing	  some	  of	  
the	  relevant	  literature	  –	  this	  serves	  as	  a	  basis	  to	  understand	  the	  nature	  of	  touch	  
more	  fully,	  before	  looking	  at	  some	  aspects	  of	  touch	  more	  specifically,	  particularly	  in	  
terms	  of	  communication.	  This	  kind	  of	  fundamental	  research	  allows	  contemplation	  of	  









2.4 Touch	  as	  a	  Medium	  for	  Communication	  	  
Touch	  represents	  a	  confirmation	  of	  our	  boundaries	  and	  separateness,	  while	  
permitting	  a	  union	  or	  connection	  with	  others	  that	  transcends	  physical	  limits.	  For	  
this	  reason,	  of	  all	  the	  communication	  channels,	  touch	  is	  the	  most	  carefully	  
guarded	  and	  monitored,	  the	  most	  infrequently	  used,	  yet	  the	  most	  powerful	  and	  
immediate.	  (Thayer,	  1982,	  cited	  by	  Finnegan,	  2002,	  pp.	  206-­‐19)	  
	  
The	  nature	  of	  touch	  and	  its	  significance	  in	  human	  development	  and	  communication	  
has	  been	  explored	  in	  the	  previous	  section.	  In	  the	  following,	  the	  potential	  of	  touch	  for	  
communication	  will	  be	  discussed	  further,	  particularly	  in	  light	  of	  computer-­‐mediated	  
communication,	  in	  preparation	  for	  the	  description	  of	  the	  Haptic	  Box	  study,	  which	  
explores	  the	  potential	  of	  tactile	  experiences	  for	  meaningful	  interaction	  in	  more	  
depth.	  The	  idea	  of	  a	  Haptic	  Language	  as	  sought	  by	  Haptic	  interface	  designers	  is	  
explained,	  and	  the	  concept	  of	  semiotics	  introduced	  as	  potentially	  a	  way	  of	  avoiding	  a	  
too	  reductionist	  approach	  or	  a	  tangle	  with	  linguistic	  description.	  Analysing	  several	  
Haptic	  interfaces	  as	  case	  studies	  will	  show	  that	  designers	  are	  ‘intuitively’	  harvesting	  
a	  system	  of	  shared	  meaning,	  and	  deconstructing	  these	  examples	  can	  give	  pointers	  to	  
successful	  metaphorical	  connections	  employed	  by	  the	  designers	  and	  users	  of	  these	  
systems.	  Some	  literature	  around	  the	  importance	  of	  touch	  in	  terms	  of	  communicating	  
affect	  and	  establishing	  and	  maintaining	  relationship	  will	  be	  reviewed,	  in	  preparation	  
for	  the	  research	  study	  PinKom,	  also	  described	  later	  on	  in	  the	  thesis.	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2.4.1 Digitizing	  Haptic	  Communication	  
One	  aim	  of	  Haptics	  research	  is	  to	  develop	  Haptic	  Communication	  Systems	  and	  
researching	  the	  possibilities	  of	  a	  Haptic	  Language.	  In	  order	  to	  design	  successful	  
communication	  transmitters,	  it	  has	  been	  said	  that	  messages	  need	  to	  be	  split	  up	  into	  
small	  segments	  in	  order	  to	  be	  able	  to	  reproduce	  them	  digitally	  and	  mechanically	  
(MacLean,	  2000a).	  Within	  this	  general	  search	  for	  classification	  and	  coding	  systems,	  
the	  question	  is	  whether	  this	  sense	  can	  be	  verbally	  described	  and	  lexically	  seized	  at	  
all.	  It	  might	  be	  more	  successful	  to	  approach	  the	  problem	  in	  a	  holistic,	  rather	  than	  a	  
reductionist,	  manner.	  We	  ought	  to	  consider	  the	  person	  as	  a	  whole,	  sensory	  
apparatus	  unified	  and	  located	  in	  a	  social	  and	  cultural	  context.	  This	  position,	  as	  laid	  
out	  in	  earlier	  chapters	  on	  affordances	  and	  embodiment	  has	  driven	  the	  research	  for	  
this	  thesis	  in	  an	  effort	  to	  avoid	  this	  reductionist	  approach	  of	  treating	  the	  haptic	  as	  
equivalent	  to	  verbal	  language.	  However,	  the	  preceding	  research	  around	  Haptic	  
communication	  devices	  and	  the	  search	  for	  a	  ‘language’	  need	  to	  be	  examined	  in	  more	  
depth.	  Previous	  attempts	  have	  been	  along	  the	  lines	  of	  translating	  messages	  into	  
alphanumerical	  codes.	  Now,	  attempts	  are	  being	  made	  to	  create	  possibilities	  for	  
more	  intuitive	  and	  creative	  expression,	  in	  order	  to	  facilitate	  a	  greater	  range	  of	  
communication	  possibilities	  i.e.	  affective	  messages.	  
Practical	  psychophysical	  problems	  to	  consider	  here	  are:	  perceiving	  differences,	  
recognition	  and	  subsequent	  ability	  to	  recall.	  MacLean	  describes	  how	  we	  may	  be	  able	  
to	  differentiate	  between	  subtle	  grades	  sandpaper,	  but	  start	  struggling	  when	  
matching	  each	  grade	  to	  a	  name	  –	  different	  to	  colour	  hues	  for	  example	  (MacLean,	  
2000b).	  If	  the	  haptic	  sense	  is	  going	  to	  be	  useful	  in	  interaction	  design,	  a	  concern	  in	  
the	  engineering	  approach	  is	  to	  gage	  the	  resolution	  and	  bandwidth	  of	  information	  
that	  this	  channel	  can	  transmit.	  
Other	  problems	  centre	  around	  associations	  and	  design	  metaphors	  -­‐	  a	  shared	  
symbolic	  system	  needs	  to	  be	  investigated	  in	  order	  to	  justify	  design	  choices.	  This	  is	  
where	  the	  research	  for	  the	  thesis	  is	  better	  positioned.	  An	  area	  of	  interest	  is	  the	  
parameters	  used	  to	  express/map	  content	  to	  touch,	  i.e.	  in	  the	  sense	  of	  a	  Haptic	  
Design	  palette.	  If	  one	  could	  choose	  from	  a	  list	  of	  touch	  parameters,	  such	  as	  
vibration,	  temperature,	  pressure,	  texture	  –	  in	  which	  situation	  would	  a	  designer	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choose	  to	  apply	  which	  parameter	  design?	  A	  Haptic	  Design	  palette	  here	  instead	  of,	  
say,	  a	  paint	  palette	  providing	  12	  acrylic	  colours,	  would	  be	  host	  to	  a	  choice	  of	  haptic	  
design	  parameters	  such	  as	  the	  ones	  mentioned	  above.	  The	  haptic	  ‘feel’	  becomes	  
part	  of	  the	  ‘paint’	  with	  which	  the	  Haptic	  Designer	  creates	  an	  experience.	  	  
Imagine	  a	  device	  delivering	  a	  vibrotactile	  buzz	  to	  alert	  the	  user	  of	  a	  change	  in	  system	  
state:	  this	  has	  been	  shown	  to	  be	  an	  effective	  way	  of	  using	  touch	  to	  communicate.	  
When	  it	  comes	  to	  analysing	  why	  this	  works,	  it	  seems	  a	  simple	  case	  of	  form	  follows	  
function.	  The	  concept	  of	  a	  buzz	  alerting	  us	  to	  an	  event	  is	  familiar,	  whether	  delivered	  
via	  the	  audio	  or	  haptic	  channel.	  So	  is	  this	  a	  natural	  reflex	  or	  a	  culturally	  learned	  
response?	  As	  discussed	  by	  Jencks	  (1980),	  "one	  man's	  denotation	  is	  another	  man's	  
connotation".	  Abstraction	  on	  top	  of	  the	  perceiving,	  sensorial	  layer	  still	  needs	  to	  take	  
place	  in	  order	  to	  correctly	  decode	  the	  intended	  message.	  If	  the	  user	  was	  not	  aware	  
of	  the	  context	  and	  intent	  of	  the	  buzz,	  he	  might	  therefore	  construct	  a	  different,	  
unintended	  meaning,	  which	  will	  influence	  his	  behavioural	  and	  emotional	  response	  
(i.e.	  users	  might	  be	  startled	  and	  run	  away	  or	  try	  to	  take	  off	  the	  vibrating	  device).	  	  
Eco	  (1980)	  also	  discussed	  whether	  a	  response	  to	  stimulation	  (a	  complex	  of	  sensory	  
events)	  could	  be	  classed	  as	  communication.	  In	  the	  event	  of	  a	  blinding	  light	  leading	  to	  
the	  autonomic	  response	  of	  shutting	  your	  eyes,	  he	  concedes	  this	  would	  be	  difficult	  to	  
be	  read	  as	  a	  sign.	  In	  his	  example	  of	  a	  person	  being	  approached	  by	  a	  fast	  car,	  
between	  the	  perception	  and	  the	  reaction	  of	  moving	  away,	  he	  sees	  a	  sign	  
communicating	  danger	  which	  is	  only	  understandable	  on	  the	  basis	  of	  past	  
experiences	  -­‐	  a	  learnt	  set	  of	  codes.	  Even	  though	  with	  touch	  a	  lot	  of	  responses	  seem	  
instant	  and	  universal,	  there	  is	  a	  layer	  of	  abstracted	  meaning,	  which	  is	  culturally	  and	  
historically	  determined.	  
2.4.2 Intramodal	  Translation	  
Several	  researchers	  have	  come	  across	  the	  difficulty	  of	  asking	  subjects	  to	  describe	  
their	  touch	  experience	  in	  words.	  In	  fact,	  the	  area	  of	  intramodal	  translation	  has	  had	  
to	  tackle	  this	  and	  suggests	  that	  we	  must	  respect	  that	  different	  modes	  have	  different	  
communicative	  potential.	  In	  the	  field	  of	  multimodal	  texts,	  recent	  investigations	  have	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discussed	  the	  textual	  transposition	  from	  visual	  to	  verbal	  (Doloughan	  &	  Rogers,	  2005;	  
Eco,	  2004).	  For	  example,	  colour	  is	  semiotically	  loaded,	  however,	  linguistic	  terms	  to	  
translate	  it	  into	  speech	  is	  limited.	  So	  to	  what	  extent	  do	  modes	  have	  linguistic	  
analogues?	  It	  is	  stated	  this	  process	  is	  not	  a	  translation,	  but	  more	  an	  interpretation.	  
The	  visual	  for	  example,	  like	  the	  haptic,	  is	  not	  lexically	  available.	  There	  is	  a	  need	  to	  
understand	  affordances	  and	  limitations	  of	  various	  modes	  and	  media.	  Kress	  and	  Van	  
Leeuwen	  (2001)	  in	  their	  work	  on	  multimodal	  discourse	  and	  social	  semiotics	  explain	  
that	  we	  have	  to	  account	  for	  different	  vagueness,	  different	  openness	  and	  implicitness	  
in	  different	  modes.	  They	  state	  that	  different	  kinds	  of	  meaning	  are	  produced	  by	  
different	  modes:	  they	  are	  either	  emotive,	  affective,	  aesthetic	  or	  rational,	  logical	  and	  
ideational.	  Kress	  and	  Van	  Leeuwen	  also	  suggest	  a	  lack	  of	  consideration	  of	  materials	  
and	  physiological	  stimulus	  as	  carriers	  of	  meaning	  is	  a	  hang-­‐up	  of	  a	  rationalist	  mind-­‐
body	  separation.	  Kress	  assumes	  modes	  to	  be	  partial	  and	  that	  through	  different	  
modes	  of	  accounts	  we	  achieve	  a	  layering	  and	  thereby	  a	  more	  complete	  picture.	  
However,	  he	  insists	  that	  a	  reading	  is	  always	  a	  hypothesis,	  and	  by	  implication	  requires	  
cultural	  context	  for	  its	  interpretation	  (Kress,	  2004).	  
2.4.3 Cultural	  Perspective:	  Semiotic	  approach	  
Saussure	  (...)	  concluded	  that	  meaning	  is	  not	  inherent	  in	  things,	  	  
but	  is	  constructed	  through	  a	  social	  contract.	  (King,	  2000,	  p.119)	  
In	  this	  section,	  a	  semiotic	  approach	  towards	  researching	  the	  potential	  of	  the	  Sense	  
of	  touch	  for	  communication	  will	  be	  described	  and	  justified.	  	  
Semiotics	  is	  the	  study	  of	  signs	  and	  sign	  systems.	  	  
Briefly,	  a	  sign	  is	  something	  present	  that	  stands	  for	  something	  absent,	  as	  a	  cross	  
represents	  Christianity;	  a	  sign	  system,	  also	  termed	  a	  code,	  is	  a	  collection	  of	  signs	  
and	  rules	  for	  their	  use.	  (Leeds-­‐Hurwitz,	  1993,	  p.	  16)	  
A	  sign,	  more	  specifically,	  is	  a	  creation	  of	  any	  sort	  -­‐	  poetry,	  a	  traffic	  signal,	  a	  gesture	  -­‐	  
that	  conveys	  meaning	  into	  the	  mind	  of	  the	  interpreter.	  It	  has	  two	  parts	  –	  1)	  the	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signifier,	  the	  visible,	  present	  part	  and	  2)	  the	  signified	  -­‐	  the	  invisible,	  absent,	  
associated	  part.	  Within	  this	  theory	  social	  actors	  can	  interpret	  codes	  that	  are	  not	  just	  
limited	  to	  language,	  but	  are	  apparent	  everywhere	  we	  look.	  It	  "attempts	  a	  philosophy	  
of	  language	  that	  goes	  beyond	  verbal	  structures	  to	  cover	  all	  forms	  of	  language,	  from	  
gestures	  to	  images"	  (Pacitti,	  1998).	  The	  linguistic	  terminology	  seems	  to	  imply	  
boundaries	  to	  its	  reach,	  but	  that	  is	  misleading.	  A	  picture,	  film	  or	  object	  could	  be	  a	  
“text”	  that	  is	  analysed	  by	  the	  “reader”.	  Cultural	  theorists	  speak	  of	  the	  “vocabulary	  of	  
film”	  or	  the	  “grammar	  of	  TV	  documentaries”.	  Semiotic	  theory	  envelops	  considerable	  
breadth	  of	  scope	  in	  that	  it	  can	  be	  used	  to	  analyse	  almost	  everything	  in	  the	  realm	  of	  
communication.	  It	  also	  assumes	  language	  to	  be	  created	  and	  evolved	  dynamically	  
between	  addresser	  and	  addressee.	  Members	  of	  a	  community	  have	  a	  shared	  memory	  
of	  patterns	  and	  norms,	  which	  build	  up	  a	  cognitive	  framework	  where	  meaning	  is	  
created.	  This	  intuitive	  system	  is	  continuously	  tested	  by	  community	  responses	  –	  and	  
is	  open	  for	  analysis.	  
2.4.3.1 Codes:	  Logical,	  Aesthetic,	  Social	  
According	  to	  Leeds-­‐Hurwitz	  three	  types	  of	  codes	  can	  be	  classified:	  logical	  codes,	  
aesthetic	  codes	  and	  social	  codes.	  Examples	  of	  logical	  codes	  (codes	  used	  by	  science)	  
are	  mathematics,	  Morse	  code	  and	  interestingly,	  Braille.	  Decoding	  is	  made	  possible	  
by	  explicit	  agreement,	  which	  was	  evolved	  deliberately	  in	  the	  community	  the	  code	  is	  
known	  in.	  It	  uses	  symbols,	  arbitrarily	  ascribed	  and	  is	  considered	  digital	  as	  it	  can	  be	  
divided	  into	  discrete	  units	  and	  is	  monosemic,	  as	  each	  one	  stands	  for	  only	  one	  
signified	  and	  it	  has	  only	  one	  single	  decoding.	  It	  is	  denotative,	  as	  it	  has	  a	  literal	  
meaning.	  	  
In	  contrast	  to	  that	  are	  the	  aberrant	  aesthetic	  codes	  (codes	  used	  by	  art)	  which	  
painting,	  architecture,	  sculpture,	  literature	  and	  photography	  are	  considered	  
examples	  of.	  Here,	  signs	  are	  iconic,	  based	  on	  similarity	  and	  the	  codes	  are	  
connotative	  and	  analogue:	  the	  meaning	  cannot	  be	  divided	  into	  discrete	  units.	  Codes	  
are	  chosen	  by	  individuals	  and	  subject	  to	  change.	  Decoding	  happens	  by	  clues	  that	  
have	  to	  be	  sought	  out	  by	  the	  interpreter.	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Thirdly	  are	  the	  social	  codes	  (codes	  used	  by	  social	  groups)	  –	  they	  include	  trademarks,	  
clothing,	  greetings,	  food,	  furniture,	  objects,	  games,	  sports	  etc.	  They	  are	  also	  
considered	  connotative,	  analogical	  and	  aberrant,	  they	  use	  symbols	  with	  an	  arbitrary	  
relationship	  between	  signifier	  and	  signified	  and	  they	  are	  formed	  by	  social	  
interaction.	  Decoding	  is	  made	  possible	  by	  the	  "unwritten	  expectations	  based	  on	  
shared	  experiences"	  (Leeds-­‐Hurwitz,	  1993)	  or	  conventional	  use.	  
2.4.3.2 Codes	  in	  Haptic	  Communication	  
The	  logical	  codes	  are	  precise	  and	  the	  recipient	  should	  always	  understand	  exactly	  the	  
message	  as	  it	  was	  intended.	  Building	  a	  logical	  coding	  system	  for	  haptic	  
communication	  is	  the	  best	  option	  in	  circumstances	  that	  demand	  message	  
transmission	  without	  loss	  or	  interference.	  However,	  a	  logical	  code	  system	  will	  lend	  
itself	  less	  well	  to	  allowing	  a	  communication	  system	  to	  evolve	  and	  to	  allow	  affective,	  
emotive	  and	  aesthetic	  communication.	  Affective	  non-­‐verbal	  communication	  is	  part	  
of	  the	  aesthetic	  and	  social	  coding	  system.	  With	  these	  codes	  there	  is	  a	  possibility	  that	  
something	  is	  learned	  that	  was	  never	  intended	  or	  indeed	  that	  something	  is	  missed.	  
Examples	  of	  how	  logical	  codes	  were	  formed	  are	  visible	  in	  the	  development	  of	  Braille,	  
Vibratese	  (Geldard,	  1960),	  the	  Optohapt	  (Geldard,	  1966)	  and	  the	  Optacon	  (Goldish	  &	  
Taylor,	  1974).	  They	  all	  aim	  to	  discover	  a	  set	  of	  tactile	  patterns	  that	  can	  be	  
discriminated,	  rapidly	  processed,	  and	  easily	  learned.	  They	  either	  transmit	  letter	  
shapes	  directly	  via	  vibration	  or	  mapped	  letters	  to	  vibration	  patterns.	  This,	  really,	  is	  
the	  creation	  of	  an	  artificial	  system	  of	  communicating	  (coding	  and	  decoding).	  There	  is	  
another	  advantage	  of	  touch	  in	  its	  potential	  of	  harvesting	  a	  ‘natural’,	  intuitive	  way	  of	  
communicating.	  
An	  important	  consequence	  of	  the	  theory	  is	  that	  it	  would	  be	  easier	  to	  externalize	  
verbal	  representations	  through	  verbal	  responses	  (...)	  similarly,	  it	  would	  be	  easier	  
to	  externalize	  non-­‐verbal	  representations	  in	  a	  non-­‐verbal	  way	  than	  through	  
verbal	  responses.	  (Barker	  &	  Schaik,	  2000,	  p.150)	  
Haptic	  communication	  researchers	  often	  refer	  to	  aiming	  to	  establish	  semantics,	  
syntax	  and	  grammar	  for	  communication.	  Apart	  from	  developing	  a	  vocabulary	  to	  help	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subjects	  describe	  their	  experiences	  (Van	  Erp	  &	  Spape,	  2003a),	  the	  linguistic	  model	  
might	  not	  be	  as	  helpful	  as	  a	  semiotic	  model	  in	  what	  is	  mainly	  a	  communication	  of	  
non-­‐verbal	  cues.	  It	  seems	  that	  although	  people	  voice	  their	  desire	  to	  establish	  logical	  
codes,	  they	  naturally	  draw	  on	  aesthetic	  and	  social	  codes	  that	  help	  them	  design	  
meaning	  successfully.	  	  
2.4.3.3 Semiotic	  Analysis	  of	  Case	  Studies	  
In	  this	  section,	  Haptic	  communication	  designs	  will	  be	  examined	  that	  demonstrate	  a	  
successful	  choice	  of	  sensory	  mappings	  from	  input	  to	  output	  –	  this	  kind	  of	  review	  may	  
inform	  about	  general	  guiding	  principles	  in	  choosing	  meaningful	  parameters	  of	  touch.	  
Previous	  examples	  of	  applying	  semiotic	  theory	  to	  analyse	  codes	  and	  ways	  of	  
signification	  can	  be	  found	  in	  architecture	  and	  product	  design.	  	  
Eco	  discusses	  how	  buildings	  can	  be	  studied	  using	  semiotics,	  even	  though	  their	  design	  
(form)	  seems	  to	  be	  dictated	  by	  their	  function.	  He	  examines	  how	  buildings	  also	  
communicate	  -­‐	  and	  argues	  that	  artefacts	  designed	  for	  a	  certain	  function	  always	  also	  
"communicate	  the	  function	  to	  be	  fulfilled"	  (Eco,	  1980,	  p.	  13),	  and	  therefore	  become	  
signs.	  Kress	  	  (2004)	  concurs	  with	  this	  position	  in	  his	  statement	  that	  there	  are	  always	  
potentially	  apt	  signifiers	  for	  a	  meaning,	  which	  we	  look	  for,	  and	  that	  these	  are	  
motivated	  by	  relations	  between	  form	  and	  meaning.	  Riley	  (2003)	  analyzes	  the	  
fashionable	  and	  sleek	  iMac	  compared	  to	  a	  sober	  and	  functional	  Dell	  computer	  in	  
terms	  of	  their	  conception,	  inception	  (product	  design)	  and	  reception	  (packaging	  and	  
advertising)	  and	  draws	  on	  social	  semiotics	  in	  "an	  attempt	  to	  theorise	  the	  concept	  of	  
multimodality	  in	  (…)	  product	  design".	  Riley	  says	  that	  for	  every	  discourse,	  there	  is	  a	  
system	  of	  choices	  available	  –	  each	  with	  their	  own	  set	  of	  particular	  connotations,	  
from	  which	  designers	  select.	  Thereby,	  he	  theorises	  that	  all	  modalities	  "operate	  
according	  to	  common	  semiotic	  principles	  which	  underpin	  the	  design	  process",	  and	  
design	  choices	  "may	  be	  analyzed	  through	  the	  same	  semiotic	  systems	  of	  choices	  
appropriate	  to	  the	  medium	  (…)	  and	  an	  assessment	  of	  the	  social	  connotations	  of	  
those	  choices."	  (Riley,	  2003).	  This	  semiotic	  system	  of	  choices	  is	  part	  of	  the	  haptic	  
design	  palette	  I	  describe	  below.	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The	  first	  two	  case	  studies	  are	  devices	  for	  haptic	  interpersonal	  communication	  and	  
the	  last	  two	  are	  attempts	  to	  create	  structured	  messages	  (icons)	  transmitting	  haptic	  
information	  in	  computer	  interfaces	  (for	  more	  in	  depth	  description	  see	  Appendix	  D).	  
The	  Vibrobod	  and	  What's	  Shaking	  (Dobson	  et	  al,	  2002)	  are	  both	  handheld	  devices	  
that	  were	  developed	  to	  communicate	  the	  non-­‐verbal	  cues	  that	  are	  often	  lost	  in	  
computer-­‐mediated	  communication	  by	  adding	  haptic	  feedback.	  The	  Vibrobod	  
translates	  squeeze	  force	  of	  the	  hand	  to	  vibration	  patterns	  and	  in	  What's	  Shaking	  the	  
designers	  map	  active	  newsgroups	  to	  a	  vibration	  buzz,	  populous	  newsgroups	  to	  
warmth.	  They	  found	  that	  users	  of	  their	  systems	  "intuitively"	  interpreted	  meaning	  
correctly.	  This	  "intuition"	  is	  determined	  by	  a	  learned	  system	  of	  codes	  that	  can	  be	  
analyzed	  with	  semiotic	  theory.	  
	  
WHAT’S	  SHAKING	  
	   	   	  
Stimulus	   Vibration	   	  
Percept:	   Vibration	  buzz	  (more/less)	   	  
Concept:	   Activity	   	  
	   	   	  
Stimulus:	   Temperature	   	  
Percept:	   Warmth	  (more/less)	   	  
Concept:	   Presence/Body	  Heat	   	  
Fig	  10	   Semiotic	  analysis	  of	  What's	  Shaking	  
In	  these	  systems,	  the	  designers	  used	  their	  intuition	  and	  experience	  to	  create	  a	  
coding	  that	  can	  be	  "read"	  (interpreted)	  by	  others.	  The	  following	  are	  other	  examples	  
where	  researchers	  have	  more	  intentionally	  constructed	  readable	  associations.	  
Tactons	  (Brown	  et	  al,	  2005)	  and	  Haptic	  Icons	  (Chan	  et	  al,	  2005)	  are	  both	  attempts	  to	  
deliver	  meaningful	  information	  in	  computer	  interfaces	  via	  the	  haptic	  channel.	  These	  
are	  structured	  stimuli	  designed	  to	  represent	  content.	  The	  Tactons	  were	  designed	  to	  








	   	   	  
Stimulus:	   Amplitude	  Modulation	   	  
Percept:	   Roughness	  (more/less)	   	  
Concept:	   Urgency	   	  
	   	   	  
Stimulus	   Rhythm	   	  
Percept:	   Pattern	  (a,b,c)	   	  
Concept:	   Type	  of	  Call	   	  
Fig	  11	   Semiotic	  analysis	  of	  Tactons	  
It	  was	  observed	  that,	  given	  an	  initial	  familiarization	  period,	  users	  were	  mostly	  able	  to	  
read	  the	  mappings	  correctly.	  However,	  the	  researchers	  also	  reported	  the	  necessity	  
to	  fine-­‐tune	  their	  designs	  in	  order	  to	  make	  types	  of	  stimuli	  more	  distinctly	  
recognisable	  and	  distinguishable	  from	  each	  other.	  
HAPTIC	  ICONS	  
	  
Family	  1:	  Changes	  in	  Control	  (delivered	  to	  receiving	  user)	  –	  The	  designer’s	  
metaphor	  here	  was	  a	  sound	  that	  indicates	  a	  device	  being	  inserted	  into	  /	  or	  
extracted	  from	  a	  PC	  
	   	   	  
Stimulus:	   Weak,	  buzz,	  then	  STRONG	  buzz	   	  
Percept:	   Contrast/Order	  (Hierarchy	  of	  Stimulus)	   	  
Concept:	   Gained	  control	   	  
	   	   	  
Stimulus:	   STRONG	  buzz,	  then	  weak	  buzz	   	  
Percept:	   Contrast/Order	  (Hierarchy	  of	  Stimulus)	   	  
Concept:	   Lost	  control	   	  
	  
Family2:	  Request	  Control	  (delivered	  to	  user	  in	  control)	  –	  Designer’s	  metaphor:	  
Heartbeat	  
	   	   	  
Stimulus:	   Periodic	  vibration,	  varied	  strength	   	  
Percept:	   Gentle	  (low	  stress)	   	  
Concept:	   In	  control	   	  
Fig	  12	   Semiotic	  analysis	  of	  Haptic	  Icons	  
In	  the	  case	  of	  the	  Haptic	  Icons,	  these	  were	  designed	  to	  facilitate	  turn	  taking	  in	  a	  
collaborative	  task	  over	  a	  shared	  network	  –	  something	  that	  in	  face-­‐to-­‐face	  
conversation	  is	  usually	  regulated	  by	  non-­‐verbal	  cues.	  Three	  icon	  families	  were	  
created	  for	  the	  purposes	  of	  indicating	  which	  user	  is	  in	  control:	  signalling	  a	  change	  in	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control	  status;	  signalling	  a	  request	  to	  gain	  control	  in	  different	  urgency	  states	  
delivered	  to	  the	  person	  in	  control;	  signalling	  the	  same	  request	  to	  the	  person	  who	  
requested	  it.	  Altogether	  there	  were	  seven	  icons	  that	  had	  to	  be	  learned	  and	  identified	  
under	  workload,	  delivered	  via	  a	  vibrotactile	  feedback	  mouse.	  
Noteworthy	  about	  the	  projects	  reviewed	  here	  is	  that	  although	  it	  seems	  users	  of	  the	  
systems	  grasp	  meaning	  intuitively,	  it	  is	  more	  true	  that	  the	  designers	  used	  their	  
intuition	  (or	  tacit	  knowledge)	  to	  create	  an	  association	  –	  intuition	  informed	  by	  a	  
bodily	  foundation	  of	  experience.	  Consequently,	  the	  users,	  inhabiting	  similar	  bodies	  
and	  the	  same	  environment,	  read	  these	  associations	  correctly	  and	  thereby	  a	  
meaningful	  interaction	  is	  created.	  Using	  the	  Haptic	  icons	  would	  require	  some	  
training,	  but	  they	  are	  cleverly	  harvested	  from	  a	  common	  system	  of	  associations	  that	  
makes	  them	  easy	  to	  learn.	  The	  perception	  of	  the	  present	  vibration	  buzz	  as	  ‘rougher’	  
than	  the	  one	  before	  is	  fairly	  straightforward.	  The	  association	  that	  this	  rougher	  
vibration	  buzz	  represents	  a	  more	  urgent	  message	  still	  needs	  to	  be	  acquired	  over	  
time	  of	  using	  this	  device.	  The	  learning	  can	  be	  facilitated	  with	  designs	  that	  draw	  on	  
conceptual	  models	  already	  present.	  This	  will	  enable	  an	  “intuitive”	  handling	  of	  the	  
interface.	  Physical	  analogies	  and	  cultural	  meanings	  allow	  a	  kind	  of	  natural	  mapping	  
that	  accelerates	  understanding.	  Through	  previous	  experience	  and	  knowledge	  a	  
framework	  of	  meaning	  is	  built	  up	  that	  is	  necessary	  to	  understand,	  interpret	  and	  
integrate	  new	  material	  (Norman,	  1988).	  Analysis	  of	  visual	  material	  has	  pointed	  to	  
interesting	  relationships	  between	  compositional	  elements	  and	  associated	  concepts	  –	  
an	  awareness	  of	  these	  makes	  it	  possible	  to	  design	  sensible	  mapping.	  	  
Lakoff	  and	  Johnson	  (1980)	  observe	  that	  (in	  English	  usage)	  up	  has	  come	  to	  be	  
associated	  with	  more	  and	  down	  with	  less.	  They	  outline	  further	  associations:	  up	  is	  
associated	  with	  goodness,	  virtue,	  happiness,	  consciousness,	  health,	  life,	  the	  
future,	  high	  status,	  having	  control	  or	  power,	  and	  with	  rationality,	  whilst	  down	  is	  
associated	  with	  badness,	  depravity,	  sickness,	  death,	  low	  status,	  being	  subject	  to	  
control	  or	  power,	  and	  with	  emotion.	  (Chandler,	  2002,	  para.9)	  
Identifying	  similar	  relationships	  for	  haptic	  variables	  is	  the	  next	  step	  to	  developing	  a	  
design	  palette.	  Anchoring	  designs	  in	  already	  familiar	  concepts	  and	  schemata	  could	  
therefore	  also	  support	  the	  recall	  ability	  of	  differing	  haptic	  stimuli.	  Touch	  might	  not	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be	  infinitely	  separable	  into	  discrete	  units,	  which	  are	  digitally	  reproducible.	  However,	  
the	  primacy	  of	  bodily	  experience	  conjures	  a	  whole	  host	  of	  affordances	  that	  go	  
beyond	  the	  exact	  digital	  reproduction	  of	  touch.	  There	  is,	  for	  example,	  the	  potential	  
for	  the	  communication	  of	  an	  affective	  and	  expressive	  nature.	  	  
2.4.3.4 Forming	  and	  Extending	  Codes	  	  
The	  project	  ComTouch	  (Chang	  et	  al,	  2002)	  is	  different	  from	  the	  other	  projects	  in	  that	  
the	  designers	  did	  not	  provide	  prescribed	  codes	  to	  be	  read,	  but	  allowed	  space	  for	  the	  
social	  actors	  using	  the	  device	  to	  create	  their	  own	  system	  between	  themselves.	  This	  
approach	  is	  interesting	  in	  that	  it	  can	  tell	  us	  more	  about	  the	  potential	  and	  the	  process	  
of	  meaning	  making	  in	  haptic	  communication.	  
ComTouch	  is	  designed	  to	  augment	  audio	  communication	  via	  a	  mobile	  phone	  by	  
adding	  vibratory	  feedback	  that	  can	  dynamically	  express	  squeeze	  pressure	  of	  the	  
hand	  holding	  the	  phone.	  It	  was	  hoped	  this	  would	  enable	  the	  communication	  of	  non-­‐
verbal	  cues.	  Subjects	  were	  given	  a	  chatting	  task	  where	  the	  touch	  channel	  was	  
complementing	  the	  audio,	  and	  a	  negotiation	  task,	  where	  audio	  communication	  was	  
discouraged.	  The	  subjects	  knew	  each	  other	  before	  the	  experiment	  and	  all	  
established	  and	  formed	  communication	  codes	  between	  themselves	  successfully.	  In	  
the	  chatting	  task,	  the	  added	  tactile	  channel	  was	  mainly	  used	  for	  emphasis,	  turn	  
taking	  and	  mimicry.	  
ComTouch	  
	   	  
Sensing/Self-­‐stimulus:	   Squeeze	  force	  +	  duration	  of	  force	  
Percept:	   Intensity	  of	  vibration	  
Concept	  I:	   Emphasis	  
Concept	  II:	   Turn	  taking	  
Concept	  III:	   Mimicry	  –	  presence,	  attention,	  bonding	  
Fig	  13	   Semiotic	  analysis	  of	  ComTouch	  
ComTouch	  differs	  from	  the	  other	  projects	  in	  that	  it	  investigates	  social	  uses	  the	  
subjects	  were	  putting	  their	  haptic	  mappings	  to.	  It	  is	  an	  open	  system	  that	  allows	  the	  
users	  to	  form	  their	  own	  system	  of	  codes,	  which	  do	  not	  necessarily	  have	  to	  have	  a	  
clear	  meaning	  outside	  this	  small	  social	  group,	  but	  if	  proven	  successful	  could	  develop	  
into	  conventional	  use.	  Examples	  of	  users	  shaping	  their	  own	  conventions	  are	  the	  so-­‐
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called	  emoticons,	  which	  were	  designed	  by	  online	  community	  users	  to	  convey	  
emotions	  in	  a	  textual/visual	  form.	  The	  emoticons	  that	  were	  the	  most	  widely	  used	  
and	  accepted	  became	  convention.	  	  
;-­‐)	  
Fig	  14	   Example	  of	  emoticon	  
Other	  analytical	  approaches	  like	  the	  commutation	  test	  (Chandler,	  2002),	  in	  which	  the	  
relationship	  between	  the	  signifier	  and	  the	  signified	  is	  assessed	  by	  excluding	  or	  
replacing	  one	  signifier	  from	  the	  material,	  will	  only	  be	  fruitful	  once	  a	  haptic	  design	  
palette	  (from	  which	  synonymous	  and	  antonymous	  alternates	  can	  be	  chosen)	  has	  
been	  established	  –	  as	  has	  been	  done	  in	  the	  field	  of	  visual	  design	  (Kress	  &	  Van	  
Leeuwen,	  1996).	  	  
The	  last	  project	  that	  will	  be	  looked	  at	  here	  differs	  from	  the	  others,	  as	  it	  does	  not	  
actually	  involve	  any	  touch	  in	  the	  physical-­‐sensory	  mode.	  “The	  Space	  Between	  Us”	  
(Kahana,	  2005)	  is	  an	  art	  installation	  for	  two	  people,	  which	  tracks	  the	  users’	  
movement	  and	  creates	  their	  visual	  outline	  and	  interactive	  responses	  on	  a	  large	  
screen	  (also	  see	  Appendix	  D).	  When	  the	  users’	  outline	  on	  screen	  overlap,	  it	  feels	  as	  
though	  the	  two	  people	  touch	  –	  even	  though	  there	  is	  no	  real	  physical	  contact	  (also	  
see	  section	  on	  philosophical	  models,	  specifically	  the	  field	  model,	  and	  also	  see	  
Telematic	  Dreaming).	  It	  suggests	  that	  sometimes	  we	  do	  not	  have	  to	  be	  in	  physical	  
contact	  to	  ‘feel	  touched’,	  the	  intent	  and	  motivation	  of	  a	  message	  can	  have	  an	  impact	  
on	  us	  to	  the	  degree	  of	  viscerally	  feeling	  it.	  
The	  Space	  Between	  Us	  
	   	  
Stimulus	  (visual):	   Two	  people’s	  shapes	  overlapping	  
Percept:	   Two	  people	  touching	  
Concept:	   Two	  people	  connecting	  
Fig	  15	   Semiotic	  analysis	  of	  The	  Space	  Between	  Us	  
To	  conclude,	  in	  this	  chapter	  some	  aspects	  of	  haptic	  communication	  and	  what	  this	  
means	  for	  Haptic	  Interface	  design	  have	  been	  explored	  in	  more	  depth.	  Semiotic	  
theory	  has	  been	  introduced	  as	  a	  way	  of	  breaking	  outside	  the	  constraints	  of	  thinking	  
about	  the	  sense	  of	  touch	  as	  equivalent	  to	  language.	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2.4.4 Touching	  and	  Relating	  
Touch	  is	  a	  crucial	  aspect	  of	  most	  human	  relationships.	  It	  plays	  a	  part	  in	  giving	  
encouragement,	  expressing	  tenderness,	  showing	  emotional	  support,	  and	  many	  
other	  things.	  (Knapp	  &	  Hall,	  2005,	  p.230)	  
To	  situate	  Haptic	  Interface	  design	  for	  human-­‐to-­‐human	  communication	  via	  touch,	  it	  
is	  necessary	  to	  look	  at	  the	  function	  of	  un-­‐mediated	  touch	  as	  part	  of	  our	  nonverbal	  
communication	  system	  and	  as	  a	  way	  of	  relating	  to	  each	  other.	  In	  relationships,	  touch	  
plays	  an	  important	  part.	  It	  establishes	  a	  bond	  and	  communicates	  messages	  of	  
reassurance,	  belonging	  and	  emotional	  support.	  	  
The	  form	  this	  touching	  takes	  depends	  on	  the	  kind	  of	  relationship	  we	  are	  looking	  at:	  
two	  people	  in	  a	  business	  relationship	  sealing	  a	  deal	  will	  touch	  each	  other	  differently	  
than	  a	  mother	  touches	  her	  child	  or	  intimate	  lovers	  touch	  each	  other.	  These	  
differences	  are	  retained	  by	  a	  code	  of	  what	  is	  acceptable,	  which	  can	  be	  culturally	  
diverse.	  Meeting	  people	  with	  a	  different	  perspective	  on	  the	  taboos	  of	  touching	  can	  
lead	  to	  friction.	  The	  types	  of	  touching	  are	  bound	  geographically,	  socially,	  culturally,	  
and	  can	  change	  over	  time.	  Montagu	  emphasised	  the	  importance	  of	  early	  tactile	  
experience	  for	  developing	  healthy	  bonds	  and	  to	  relate	  to	  others	  in	  fundamental	  
ways	  (Montagu,	  1971).	  Harlow’s	  famous	  study	  on	  monkeys	  showed	  how	  important	  
touch	  is	  in	  a	  mother-­‐child	  relationship	  in	  primates.	  He	  supplied	  groups	  of	  baby	  
monkeys	  with	  a	  choice	  of	  two	  surrogate	  artificial	  mothers:	  one	  made	  of	  bare	  wire	  
mesh	  and	  holding	  a	  bottle	  of	  milk,	  the	  other	  covered	  in	  a	  cuddly	  towel,	  but	  without	  
milk.	  The	  baby	  monkeys	  preferred	  the	  one	  offering	  tactile	  stimulation	  to	  the	  one	  
providing	  food,	  giving	  an	  insight	  to	  how	  essential	  touch	  is	  for	  survival.	  The	  comfort	  
aspect	  of	  the	  nursing	  situation	  was	  shown	  higher	  than	  being	  a	  mere	  food	  supply	  
(Harlow,	  1958).	  	  
In	  a	  study	  on	  accidental	  touch	  in	  a	  non-­‐intimate	  context,	  clerks	  in	  the	  university	  
library	  at	  Purdue	  University	  were	  asked	  to	  interact	  with	  students.	  The	  library	  staff	  
was	  instructed	  to	  “accidentally”	  touch	  them	  while	  exchanging	  books	  and	  borrowers'	  
cards.	  The	  researchers	  found	  that	  the	  students	  who	  were	  touched	  reported	  a	  more	  
favourable	  experience	  of	  the	  service,	  than	  the	  students	  who	  were	  not	  touched.	  This	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was	  especially	  true	  for	  the	  females	  in	  the	  experiment	  (Fisher,	  1976).	  In	  a	  similar	  
study,	  waitresses	  who	  touched	  diners	  “accidentally”	  received	  higher	  tips,	  indicating	  
an	  increased	  satisfaction	  with	  the	  service	  (Crusco,	  1984).	  This	  indicates	  that	  
customers	  and	  people	  receiving	  service	  subconsciously	  classed	  their	  interaction	  
more	  favourable,	  if	  some	  physical	  contact	  with	  the	  other	  person	  has	  been	  made.	  It	  
has	  to	  be	  noted	  that	  the	  subjects	  were	  not	  aware	  and	  not	  told	  that	  they	  are	  being	  
touched,	  otherwise	  the	  result	  could	  be	  completely	  different.	  Touch	  in	  western	  
society	  is	  seen	  as	  very	  intimate	  and	  people	  in	  contractual	  or	  business	  situations	  
could	  react	  negatively	  if	  the	  touching	  was	  too	  obvious	  or	  prolonged.	  The	  meaning	  of	  
touch,	  which	  becomes	  conscious	  between	  two	  individuals,	  would	  appear	  
significantly	  different	  in	  affect	  in	  terms	  of	  the	  relationship	  implied,	  compared	  to	  
when	  only	  one	  individual	  is	  conscious	  of	  stimulating	  that	  channel	  of	  communication.	  
(Argyle,	  1975)	  collected	  kinds	  of	  bodily	  contact	  and	  the	  body	  parts	  involved	  most	  
commonly	  in	  Western	  culture	  in	  the	  1970s.	  He	  distinguished	  16	  different	  types	  of	  
touch	  such	  as	  patting,	  punching,	  stroking,	  shaking,	  kissing,	  licking,	  holding	  and	  
grooming	  and	  matched	  these	  with	  bodily	  areas	  typically	  involved.	  Such	  as,	  legs	  and	  
buttocks	  for	  kicking	  and	  mouth,	  cheek,	  breasts,	  hand,	  foot	  or	  genitals	  for	  kissing.	  
Another	  method	  of	  categorizing	  the	  various	  types	  of	  touching	  is	  the	  one	  of	  (Heslin	  &	  
Alper,	  1983).	  They	  classify	  five	  different	  types	  of	  touch:	  functional-­‐professional,	  
social-­‐polite,	  friendship-­‐warmth,	  love-­‐intimacy	  and	  sexual	  arousal.	  Another	  
collection	  of	  types	  of	  touching	  was	  created	  by	  (Morris,	  1971)	  –	  fourteen	  major	  types	  
of	  public	  body	  contact	  occurring	  between	  two	  people	  have	  been	  listed.	  Because	  the	  
touching	  in	  this	  case	  doubles	  up	  as	  a	  signal	  for	  the	  existence	  of	  a	  relationship	  
between	  two	  people,	  they	  are	  called	  "tie	  signs".	  Morris	  also	  classified	  some	  types	  of	  
self-­‐touching,	  such	  as	  shielding	  and	  cleaning	  actions,	  specialized	  signals	  (cupping	  ear	  
with	  hand	  to	  signal	  inability	  to	  hear),	  and	  self-­‐intimacies,	  which	  were	  classed	  as	  
'comforting	  actions'.	  (Ekman	  &	  Friesen,	  1974)	  are	  known	  for	  their	  research	  on	  
emotions	  and	  facial	  expression.	  They	  describe	  'adaptors'	  –	  behavioural	  adaptations	  
we	  make	  in	  response	  to	  certain	  learning	  situations,	  for	  example	  managing	  our	  
emotions,	  satisfying	  our	  needs,	  getting	  along	  with	  other	  people.	  Some	  attempts	  
were	  being	  made	  to	  link	  various	  adaptors	  to	  specific	  emotional	  or	  mood	  states.	  They	  




In	  an	  interesting	  study,	  types	  of	  touching	  in	  different	  kinds	  of	  relationships	  were	  
compared	  in	  USA	  and	  Japan	  and	  compared	  over	  time.	  The	  physical	  contact	  reported	  
in	  the	  US	  was	  twice	  that	  reported	  by	  Japanese.	  In	  the	  light	  of	  this	  study	  though,	  it	  
was	  also	  mentioned	  that	  this	  effect	  may	  be	  reversed	  when	  it	  comes	  to	  children,	  as	  in	  
other	  studies	  it	  was	  shown	  that	  the	  Japanese	  have	  more	  tactile	  contact	  with	  infants	  
than	  their	  American	  counterparts	  (Barnlund,	  1975).	  In	  general,	  there	  are	  some	  
observable	  differences	  in	  touching	  behaviour	  between	  cultures.	  
The	  permission	  of	  who	  touches	  whom	  in	  non-­‐intimate	  settings	  revolves	  considerably	  
around	  status	  and	  power.	  People	  of	  higher	  status	  are	  usually	  allowed	  to	  touch	  a	  
person	  of	  lower	  status,	  but	  not	  the	  other	  way	  round.	  In	  case	  of	  a	  lower	  status	  person	  
touching	  higher	  status	  people	  this	  may	  be	  because	  they	  are	  trying	  to	  increase	  their	  
perceived	  status	  (Goldstein	  &	  Jeffords,	  1981).	  This	  strategy	  seems	  to	  make	  sense,	  as	  
observers	  perceive	  the	  initiator	  of	  touch	  as	  the	  one	  with	  the	  greater	  power,	  even	  if	  
the	  touch	  is	  not	  reciprocated	  (Summerhayes	  &	  Suchner,	  1978),	  (Major	  &	  Heslin,	  
1982).	  
Research	  into	  touch	  behaviour	  such	  as	  this	  could	  serve	  as	  an	  informant	  for	  design	  
ideas	  and	  metaphors	  –	  so	  far,	  interactive	  projects	  have	  worked	  mainly	  on	  the	  most	  
familiar	  and	  accepted	  types	  of	  touching:	  a	  hug,	  kiss,	  and	  handshake.	  According	  to	  
(Jones	  &	  Yarbrough,	  1985)	  there	  are	  various	  functions	  of	  touch	  –	  the	  main	  ones	  
being	  'touch	  as	  positive	  affect',	  'touch	  as	  negative	  affect',	  but	  also	  touch	  as	  'task-­‐
related'.	  In	  the	  case	  of	  positive	  affect,	  this	  could	  mean	  support,	  reassurance,	  
appreciation,	  affection,	  sexual	  attraction	  and	  also	  comforting	  and	  relaxing.	  Not	  too	  
much	  intimacy	  in	  this	  instance,	  more	  an	  indication	  of	  interpersonal	  warmth.	  With	  
touch	  as	  negative	  affect,	  this	  means	  the	  expression	  of	  negative	  attitudes	  and	  
emotions	  like	  anger	  and	  frustration	  through	  actions	  like	  hitting,	  slapping,	  squeezing	  
or	  pinching.	  In	  the	  case	  of	  task-­‐related	  touch,	  this	  could	  mean	  helping	  someone	  get	  
out	  of	  a	  car	  for	  example.	  These	  models	  of	  unmediated	  social	  touch	  could	  serve	  as	  
inspiring	  scenarios	  for	  designing	  interactive	  devices	  for	  communication.	  
Touch	  devices	  could	  be	  useful	  in	  situations	  where	  verbal	  communication	  has	  broken	  
down.	  Long-­‐term	  relationships	  have	  often	  passed	  through	  several	  stages	  of	  touching,	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varying	  in	  frequency	  and	  quality.	  For	  long-­‐term	  intimates	  "the	  quality	  of	  touch	  has	  
likely	  replaced	  the	  quantity	  of	  touch",	  as	  people	  seeking	  to	  establish	  a	  relationship	  or	  
restore	  one	  often	  touch	  each	  other	  more	  and	  more	  intimately	  (Knapp	  &	  Hall,	  2005).	  
Passionate	  embraces,	  finger-­‐locking	  and	  deep	  kisses	  in	  the	  long	  term	  make	  way	  to	  a	  
well	  tuned	  way	  of	  satisfying	  each	  other,	  holding	  hands	  or	  onto	  the	  arm	  and	  kisses	  on	  
the	  cheek	  before	  work.	  If	  in	  a	  long-­‐term	  relationship	  verbal	  contact	  is	  no	  longer	  
desired	  or	  possible,	  sexual	  encounters	  can	  become	  the	  primary	  way	  of	  
communicating	  ‘closeness’.	  If	  one	  accepts	  effective	  sexual	  intercourse	  is	  "the	  
ultimate	  in	  communication"	  (Masters	  &	  Johnson,	  1974),	  then	  working	  on	  this	  mode	  
as	  a	  foundation	  for	  a	  good	  relationship,	  again,	  seems	  crucial	  to	  developing	  or	  re-­‐
developing	  other	  skills	  of	  relating	  to	  each	  other,	  like	  talking.	  (For	  a	  list	  of	  social	  
situations	  where	  touch	  may	  be	  of	  advantage,	  see	  Appendix	  A.)	  
2.4.4.1 Communicating	  Affect,	  Personal	  Expression	  and	  Intent	  through	  Touch	  
There	  is	  a	  general	  urge	  in	  every	  communicative	  situation	  for	  people	  to	  interpret	  and	  
perceive	  affective	  messages,	  even	  though	  the	  messages	  may	  be	  neutral	  and	  
mediated	  by	  technology.	  So,	  even	  when	  we	  are	  presented	  with	  a	  fairly	  neutral	  
message,	  and	  the	  technology	  may	  not	  be	  communicating	  any	  kind	  of	  affect,	  we	  “still	  
tend	  to	  perceive	  it	  -­‐	  to	  fill	  it	  in	  when	  it	  is	  missing.	  Even	  neutral	  messages	  may	  be	  
perceived	  as	  emotional"	  (Picard,	  1997).	  Computer	  mediated	  communication	  has	  so	  
far	  lacked	  in	  the	  potential	  to	  communicate	  affect,	  yet	  people	  tend	  to	  add	  this	  
somehow	  because	  the	  need	  for	  it	  is	  so	  great.	  This	  could	  manifest	  itself	  in	  
conventions	  like	  emoticons,	  or	  any	  way	  we	  find	  to	  use	  and	  deviate	  the	  limited	  
technology	  to	  express	  our	  emotional	  needs.	  On	  the	  level	  of	  projection	  and	  
imagination,	  this	  could	  be	  seen	  purely	  in	  the	  fact	  that	  we	  react	  to	  emails	  or	  text	  
messages,	  in	  spite	  of	  their	  neutral	  tone	  or	  maybe	  exactly	  because	  of	  it,	  as	  we	  put	  
together	  the	  pieces	  in	  our	  mind,	  undisturbed	  by	  various	  sensory	  cues	  which	  in	  face-­‐
to-­‐face	  exchanges	  may	  have	  caused	  us	  to	  conclude	  otherwise.	  	  
Touch	  has	  often	  been	  described	  as	  being	  the	  most	  suitable	  modality	  to	  express	  
affect.	  To	  enable	  intimate,	  personal	  communication	  it	  may	  therefore	  be	  beneficial	  to	  
integrate	  a	  haptic	  dimension	  to	  computer	  mediated	  or	  remote	  communication.	  Also,	  
if	  one	  subscribes	  to	  the	  philosophical	  field	  model	  of	  touch,	  it	  is	  possible	  to	  affect	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each	  other	  with	  mood	  and	  intention	  -­‐	  how	  this	  will	  be	  mediated	  through	  technology,	  
is	  the	  question.	  For	  example,	  during	  a	  discussion,	  both	  partners	  become	  exhilarated	  
and	  lively	  -­‐	  how	  could	  this	  phenomenon	  be	  recreated	  in	  a	  brainstorming	  meeting,	  
without	  participants	  physically	  being	  in	  the	  same	  place?	  How	  can	  we	  sense	  
agreement,	  excitement	  or	  lethargy?	  This	  is	  normally	  communicated	  by	  nonverbal	  
cues,	  it	  may	  therefore	  be	  beneficial	  to	  avoid	  linguistic	  translations,	  but	  to	  find	  
equivalents	  in	  the	  sensory	  modes,	  particularly	  touch.	  
Therapeutic	  touch	  is	  the	  practical	  outcome	  of	  the	  field	  model,	  as	  discussed	  in	  an	  
earlier	  chapter,	  and	  has	  been	  defined	  such	  as	  this:	  "The	  conscious	  and	  focused	  intent	  
to	  enhance	  the	  well-­‐being	  of	  another	  at	  all	  […]	  levels	  […]	  beside	  the	  physical"	  (Kunz	  
&	  Peper,	  1985).	  Here	  it	  is	  considered	  that	  attitude	  in	  nursing	  can	  have	  a	  great	  effect	  
on	  the	  healing	  capabilities	  of	  patients.	  It	  has	  actually	  clinically	  been	  proven	  that	  
touching	  has	  a	  beneficial	  effect	  on	  health	  and	  therefore	  reduced	  recovery	  times.	  It	  
could	  be	  deduced	  from	  this	  that	  the	  Eastern-­‐inspired	  field	  model	  is	  potentially	  
realistic,	  which	  stipulates	  that	  we	  do	  not	  have	  to	  physically	  contact	  another	  body	  to	  
be	  able	  to	  touch	  them.	  In	  fact,	  through	  a	  view	  of	  cosmic	  interconnectedness,	  we	  
permanently	  touch	  and	  affect	  each	  other.	  If	  subscribing	  to	  this	  model,	  the	  intent	  of	  
communication	  would	  be	  enough	  to	  be	  able	  to	  reach	  another.	  The	  field	  
phenomenon	  considers	  communication	  not	  as	  atomistic	  exchanges	  by	  particular	  
conceived	  units	  -­‐	  it	  draws	  a	  model	  of	  different	  fields	  around	  the	  person,	  which	  
radiate	  outwards	  to	  'touch'	  others.	  
In	  the	  field	  model,	  touching	  occurs	  even	  before	  physical	  contact	  is	  made.	  It	  is	  based	  
on	  an	  act	  of	  "reaching	  out",	  the	  intent	  is	  most	  important	  here	  -­‐	  organisms	  resonate	  
along	  a	  similar	  frequency.	  So,	  if	  we	  are	  aware	  of	  the	  intent	  of	  the	  message,	  the	  
necessity	  to	  be	  accurate	  through	  a	  particular	  linguistic	  form	  is	  reduced	  in	  
importance.	  The	  question	  remains,	  what	  type	  of	  haptic	  device	  could	  capture,	  record	  
and	  transmit	  touch	  exchange	  -­‐	  and	  leave	  traces	  of	  touch	  for	  others	  to	  attribute	  
affective	  meaning	  to.	  
Touch	  in	  most	  situations	  is	  transient	  and	  ephemeral	  -­‐	  in	  this	  case,	  we	  are	  very	  
responsive	  to	  it,	  it	  is	  an	  alert	  system	  amongst	  other	  things.	  In	  social	  contemporary	  
situations	  this	  means	  a	  hug	  that	  goes	  on	  too	  long	  can	  become	  awkward,	  a	  lingering	  
handshake	  obtrusive.	  It	  could	  be	  compared	  to	  the	  short	  gaze	  for	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recognition/confirmation,	  becoming	  the	  stare	  of	  desire	  or	  aggressive	  intent.	  An	  
extended	  length	  of	  touch	  can	  at	  some	  point	  flip	  to	  a	  very	  different	  affective	  meaning.	  
For	  the	  design	  of	  the	  PinKom	  study,	  as	  described	  below,	  it	  is	  therefore	  an	  important	  
consideration	  to	  include	  participants,	  who	  are	  in	  a	  relationship	  -­‐	  they	  may	  be	  more	  
open	  to	  experimenting	  with	  touch	  because	  even	  over	  extended	  periods,	  it	  is	  not	  
going	  to	  become	  awkward.	  
To	  conclude,	  it	  begs	  the	  question	  whether	  if	  we	  provide	  a	  flexible,	  adaptive	  surface,	  
will	  conversation	  partners,	  given	  they	  are	  familiar	  with	  their	  shared	  environment	  and	  
context	  markers,	  be	  able	  to	  communicate,	  mainly	  on	  the	  basis	  that	  they	  want	  to?	  
MacLean	  recently	  posed	  the	  question	  whether	  we	  may	  be	  able	  to	  assign	  a	  semiotic	  
link	  to	  anything	  and	  so	  therefore	  anything	  can	  be	  made	  to	  work	  for	  us	  in	  
communication	  (MacLean,	  2008).	  It	  is	  therefore	  of	  interest	  to	  investigate	  if	  there	  is	  
any	  truth	  in	  this,	  and	  whether	  people	  who	  share	  a	  mutual	  interest	  or	  affection	  could	  
be	  successful	  in	  communicating	  via	  a	  flexible,	  adaptive	  surface	  (see	  PinKom	  study,	  
chapter	  5).	  
A	  theoretical	  framework	  surrounding	  the	  importance	  for	  touch	  for	  establishing	  and	  
maintaining	  relationships,	  as	  well	  as	  the	  nature	  and	  functions	  of	  unmediated	  social	  
touch	  was	  explored	  therein.	  In	  the	  following	  section,	  the	  relevance	  of	  touch	  to	  
interface	  will	  be	  explored,	  introducing	  key	  aspects	  of	  the	  Haptic	  interface	  research	  
community	  and	  a	  more	  general	  strive	  in	  interface	  design	  from	  visualization	  to	  
‘perceptualization’.	  
2.5 Touch	  and	  Interface	  Design	  
Let	  us	  pick	  a	  term	  that	  captures	  the	  full	  sensory	  richness	  of	  the	  user.	  Let	  us	  
pursue	  perceptualization,	  rather	  than	  visualization.	  (Buxton,	  1992,	  para.17)	  
After	  the	  discussion	  on	  the	  nature	  of	  touch	  for	  communication,	  in	  the	  next	  section	  
this	  will	  be	  related	  to	  digital	  experience	  and	  interface	  design.	  With	  a	  grounded	  
	  
	  81	  
interest	  in	  embodied,	  multi-­‐sensory	  interface	  design,	  a	  particular	  focus	  on	  the	  
potential	  of	  touch	  for	  interacting	  with	  digital	  content	  and	  tele-­‐communication	  was	  
chosen	  for	  this	  thesis.	  Emerging	  research	  around	  touch	  in	  Human-­‐Computer	  
Interaction	  (HCI)	  will	  be	  outlined,	  including	  a	  brief	  overview	  of	  the	  history	  of	  
interface	  design	  and	  its	  key	  innovations.	  	  
The	  development	  of	  interest	  in	  Haptics	  has	  exponentially	  escalated	  since	  the	  time	  
research	  for	  this	  thesis	  was	  started.	  The	  technological	  development	  is	  marching	  
forward	  –	  according	  to	  a	  recent	  statistic	  published	  by	  the	  New	  Scientist,	  haptic	  
technology	  provider	  Immersion	  reports	  an	  increase	  in	  licences	  granted	  for	  their	  
"touchSense"	  products	  and	  software	  application	  of	  400%,	  between	  1995	  and	  2005	  
(Biever,	  2005).	  However,	  technological	  development	  is	  also	  always	  driven	  by	  larger	  
cultural,	  social	  and	  economic	  forces.	  The	  newly	  revived	  interest	  in	  the	  haptic	  sense	  
seems	  well	  located	  in	  a	  wider	  philosophical	  framework,	  and	  historical	  and	  
contemporary	  attitudes	  and	  ideas	  about	  the	  role	  and	  importance	  of	  touch	  in	  
western	  society	  have	  been	  examined	  for	  their	  relevance	  to	  situate	  our	  new	  
attachment	  and	  appreciation	  of	  the	  senses	  of	  touch.	  
2.5.1 Perceptualization	  vs	  Visualization	  
My	  initial	  interest	  in	  incorporating	  touch	  in	  Human-­‐Computer	  Interaction	  (HCI)	  
derived	  from	  several	  years	  of	  designing	  for	  the	  screen.	  I	  came	  to	  the	  conclusion	  that	  
however	  innovative	  the	  design,	  the	  screen	  has	  inherent	  limits	  –	  be	  they	  technical,	  
physiological	  or	  psychological.	  The	  screen	  is	  constrained	  to	  be	  a	  flat	  rectangular	  box,	  
mostly	  engaging	  the	  audio-­‐visual	  senses.	  This	  could	  lead	  to	  an	  overload	  of	  these	  two	  
senses	  and	  a	  complete	  abandonment	  of	  the	  richness	  of	  our	  complex	  sensory	  system	  
as	  a	  whole.	  Therefore	  I	  started	  to	  experiment	  with	  incorporating	  the	  sense	  of	  touch	  
into	  my	  projects.	  I	  discovered	  that	  indeed	  the	  sense	  of	  touch	  was	  adding	  another	  
dimension	  to	  the	  interaction	  with	  digital	  content,	  and	  that	  artists	  and	  scientists	  
around	  the	  world	  are	  intrigued	  by	  the	  same	  challenge	  (Stenslie,	  2001).	  Char	  Davis	  
illustrated	  this	  in	  her	  work	  "Osmosis",	  a	  VR	  art	  installation	  which	  users	  navigated	  by	  
their	  own	  breath	  –	  highlighting	  the	  connection	  of	  the	  virtual	  and	  physical	  world	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(McRobert,	  2007).	  	  
There	  are	  some	  obvious	  benefits	  to	  the	  Human-­‐computer	  interaction	  process	  that	  
another	  sensory	  channel,	  touch	  in	  particular,	  can	  bring	  –	  some	  of	  which	  will	  be	  
reviewed	  here.	  The	  first	  and	  foremost	  reason	  for	  me	  to	  investigate	  the	  potential	  of	  
touch	  for	  HCI,	  was	  a	  more	  general	  urge	  to	  try	  and	  incorporate	  the	  whole	  sensory	  
spectrum	  as	  it	  is	  available	  to	  human	  users.	  The	  idea	  was	  that	  this	  holistic	  and	  user-­‐
centred	  approach,	  treating	  the	  user	  as	  a	  ‘gestalt’	  rather	  than	  made	  up	  of	  reductionist	  
channels,	  would	  lead	  to	  a	  more	  'natural'	  and	  richer	  interaction	  experience.	  	  
Referring	  to	  the	  dominance	  of	  and	  obsession	  with	  visual	  culture,	  Buxton	  had	  
suggested	  that	  future	  anthropologists	  would	  be	  forced	  to	  make	  strange	  assumptions	  
about	  the	  people	  of	  our	  time,	  probably	  assuming	  we	  only	  have	  one	  massive	  hand	  (to	  
operate	  the	  mouse),	  a	  dominant	  pair	  of	  eyes,	  some	  ears	  and	  almost	  no	  corporeal	  
body.	  He	  therefore	  argues	  interface	  design	  should	  move	  from	  the	  term	  'scientific	  
visualization'	  to	  a	  more	  appropriate	  'interactive	  perceptualization',	  incorporating	  
multisensory	  interaction	  and	  an	  active	  engagement	  with	  content.	  In	  general,	  
multimodal	  interfaces	  are	  seen	  to	  be	  effective,	  as	  humans	  naturally	  employ	  
multimodal	  information	  channels	  for	  communication	  (Oviatt,	  1999).	  	  
Vision	  has	  evidently	  become	  the	  more	  dominant	  sense	  culturally,	  as	  explored	  in	  
previous	  chapters,	  and	  we	  have	  to	  rely	  on	  our	  visual	  sense	  a	  great	  deal	  when	  
interacting	  with	  digital	  content.	  This	  requires	  an	  enormous	  performance	  on	  an	  
abstraction	  level,	  with	  a	  WIMP	  interface	  for	  example	  relying	  heavily	  on	  symbolic	  
representation.	  Petruschat	  suggests	  that	  this	  could	  lead	  to	  anxiety	  and	  confusion	  as	  
the	  user	  navigates	  digital	  content,	  as	  they	  have	  no	  real	  knowledge	  as	  to	  what	  might	  
be	  happening.	  Hence,	  pertinent	  here	  is	  that	  Petruschat	  argues	  for	  the	  importance	  of	  
the	  use	  of	  the	  full	  potential	  of	  hands,	  touch	  and	  movement	  in	  HCI.	  
"The	  hand	  is	  a	  critical	  organ	  because	  touch	  and	  movement	  are	  opposed	  to	  the	  
eye.	  The	  initiation	  of	  a	  process	  at	  the	  push	  of	  a	  button	  minimises	  criticism	  and	  
only	  risk	  remains.	  The	  programs	  that	  are	  started	  are	  incomprehensible.	  Even	  
illustrations	  cannot	  help	  overcome	  this.	  Visual	  display	  units	  merely	  put	  a	  seal	  on	  
the	  suppression	  of	  the	  perceivable	  by	  the	  impressive"	  (Petruschat,	  2000,	  p.43)	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When	  the	  digital	  world	  is	  too	  far	  removed	  from	  the	  perceivable	  world,	  it	  becomes	  
difficult	  to	  make	  a	  meaningful	  judgement,	  as	  these	  on	  some	  level	  have	  to	  be	  
grounded	  in	  physical	  experience.	  	  
So	  the	  question	  that	  will	  be	  explored	  further	  is:	  what	  exactly	  is	  the	  potential	  of	  
adding	  the	  sense	  of	  touch	  to	  Interface	  Design?	  What	  are	  the	  affordances	  that	  the	  
haptic	  channel	  can	  offer?	  There	  are	  assumptions	  in	  the	  HCI	  design	  community	  that	  
touch	  is	  going	  to	  be	  a	  more	  ‘intuitive	  and	  natural’	  way	  of	  interacting.	  This	  could	  
extend	  universal	  accessibility	  and,	  some	  imagine,	  also	  make	  it	  more	  rewarding	  to	  
interact	  with	  another	  layer	  of	  information.	  In	  the	  following,	  some	  of	  these	  
advantages	  will	  be	  further	  discussed.	  
2.5.2 Interactive	  Multisensory	  Installations	  
To	  look	  at	  touch	  and	  the	  body	  in	  interface	  design	  more	  broadly,	  and	  particularly	  in	  
preparation	  for	  the	  case	  study	  MEDIATE	  described	  in	  Chapter	  3,	  some	  relevant	  
multisensory	  interaction	  designs	  will	  be	  reviewed	  here.	  Multisensory	  installations	  
are	  quite	  a	  broad	  concept,	  so	  only	  a	  few	  projects	  most	  influential	  to	  the	  design	  and	  
development	  of	  MEDIATE	  are	  included.	  These	  projects	  are	  particularly	  relevant	  in	  
terms	  of	  sensory	  engagement	  and	  mapping.	  As	  MEDIATE	  is	  a	  complex	  and	  
multidisciplinary	  project,	  a	  wide	  range	  of	  contexts	  and	  precedents	  apply.	  For	  the	  
creation	  of	  focus,	  only	  projects	  and	  concepts	  will	  be	  examined	  in	  this	  thesis	  that	  
were	  particularly	  relevant	  for	  my	  understanding,	  approach	  and	  contribution	  to	  
MEDIATE.	  The	  following	  section	  synthesizes	  precedents	  particularly	  relevant	  for	  
interactive	  installation	  design	  focusing	  on	  multisensory	  interaction.	  Terminology	  
here	  is	  often	  varied	  in	  its	  use	  and	  depends	  on	  the	  research	  discipline	  one	  mainly	  
draws	  from.	  	  
The	  project	  El	  Ball	  del	  Falanet,	  or	  Lightpools	  was	  an	  interactive	  installation	  designed	  
by	  Perry	  Hoberman	  and	  Narcis	  and	  Roc	  Pares	  (Parés	  &	  Parés,	  2001).	  It	  takes	  its	  
design	  inspiration	  from	  a	  Catalan	  dance,	  in	  which	  couples	  work	  together	  by	  mutually	  
holding	  a	  lantern.	  The	  collaborative	  interaction	  in	  this	  interactive	  project	  would	  be	  
the	  reward,	  rather	  than	  more	  traditional	  approaches,	  where	  interaction	  often	  has	  to	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lead	  to	  a	  goal,	  such	  as	  in	  competitive	  game	  scenarios.	  The	  environment	  consisted	  of	  
a	  space	  similar	  to	  a	  dance	  floor,	  with	  the	  visual	  stimuli	  projected	  from	  above.	  
Abstract,	  organic	  shapes	  can	  be	  matched	  with	  the	  lantern's	  emitted	  electronic	  light	  
to	  receive	  a	  response	  of	  morphing	  shapes	  -­‐	  this	  can	  also	  be	  done	  collaboratively,	  
producing	  even	  more	  novel	  shapes.	  It	  is	  therefore	  satisfying	  to	  be	  played	  alone,	  but	  
if	  the	  collaborative	  element	  is	  discovered	  by	  chance,	  can	  add	  to	  the	  experience.	  In	  a	  
pilot	  study	  by	  the	  MEDIATE	  team,	  observing	  children	  with	  autism	  in	  this	  
environment,	  it	  was	  mostly	  found	  that	  this	  encouraged	  interaction	  and	  exploration,	  
both	  behaviour	  trait	  s	  that	  were	  considered	  as	  a	  desirable	  development	  for	  these	  
children.	  Not	  only	  did	  the	  children	  demonstrate	  increased	  level	  of	  engagement	  with	  
the	  experience,	  but	  also	  started	  to	  interact	  and	  collaborate	  with	  each	  other	  as	  group.	  
This	  presented	  in	  a	  change	  from	  the	  group’s	  usual	  behaviour,	  and	  it	  seemed	  possible	  
that	  the	  way	  the	  installation	  was	  designed	  encouraged	  this	  change.	  	  	  
Sarah	  Rubidge	  (Rubidge	  &	  MacDonald,	  2004)	  designed	  the	  interactive	  installation	  
Sensuous	  Geographies,	  which	  I	  visited	  while	  on	  display	  in	  Chichester	  College	  in	  2003	  
as	  part	  of	  the	  immersive	  research	  for	  MEDIATE.	  For	  the	  user,	  this	  involved	  wearing	  
elaborate,	  evocative	  costumes,	  which	  allowed	  not	  only	  a	  simple	  visual	  tracking	  
mechanism,	  but	  also	  created	  an	  interesting	  display	  for	  observers.	  Additionally,	  the	  
robes	  restricted	  some	  of	  the	  sensory	  input,	  as	  they	  were	  heavy	  and	  all	  
encompassing,	  and	  quite	  deliberately	  made	  one	  temporarily	  visually	  impaired.	  One	  
was	  now	  invited	  to	  explore	  the	  installation	  space,	  while	  receiving	  particular	  
individual	  sonic	  feedback	  to	  one's	  movement,	  creating	  a	  landscape	  of	  sounds	  as	  
users	  moved	  around	  the	  space.	  It	  was	  tempting	  if	  sometimes	  impossible	  to	  establish	  
which	  sound	  one	  was	  creating,	  however	  this	  reductionist	  approach	  was	  surely	  not	  
the	  point	  of	  this	  beautiful	  and	  atmospheric	  installation	  design.	  A	  particularly	  
memorable	  moment	  happened	  as	  I	  found	  myself	  the	  only	  other	  user	  next	  to	  another	  
female	  user,	  who	  had	  a	  severe	  visual	  impairment.	  She	  was	  moving	  rather	  gracefully	  
and	  seemed	  completely	  at	  home	  and	  at	  ease	  -­‐	  very	  different	  to	  myself	  edging	  back	  
and	  forwards	  in	  small	  steps,	  particularly	  when	  she	  then	  proceeded	  to	  take	  my	  hands	  
and	  invite	  me	  to	  dance.	  As	  she	  was	  also	  skilled	  in	  performative	  arts,	  her	  repertoire	  of	  
possible	  movements	  and	  spontaneous	  actions	  seemed	  unattainable	  to	  me,	  feeling	  
rather	  limited	  and	  awkward	  by	  my	  distorted	  sensory	  perception	  field.	  This	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installation	  was	  interesting	  in	  terms	  of	  the	  collaborative	  interaction	  and	  the	  
evocative	  responses,	  however	  the	  costumes,	  which	  were	  primarily	  donned	  in	  order	  
to	  ease	  the	  visual	  tracking,	  were	  cumbersome	  to	  wear	  for	  the	  user,	  and	  restrictive.	  
For	  this	  context,	  this	  may	  have	  had	  its	  benefit,	  however	  for	  MEDIATE,	  a	  less	  invasive	  
system	  had	  to	  be	  found.	  
The	  projects	  ErotoGod	  by	  Stahl	  Stenslie	  (Stenslie,	  2009)	  and	  Gestation	  by	  Garth	  
Paine	  (Paine,	  2004;	  Paine,	  2007)	  are	  interesting	  in	  terms	  of	  their	  attempts	  to	  re-­‐
organise	  the	  sensory	  experience	  by	  distorting	  and	  fragmenting	  it	  while	  composing	  it	  
to	  a	  whole	  new	  experience.	  This	  is	  one	  of	  the	  challenging	  and	  intriguing	  factors	  
within	  technological	  development	  allowing	  this	  kind	  of	  experimentation,	  particularly	  
when	  it	  comes	  to	  dealing	  with	  a	  user	  group	  which	  seems	  to	  display	  a	  unique	  kind	  of	  
sensory	  processing,	  such	  as	  people	  on	  the	  autistic	  spectrum	  (Newland	  &	  Geesin,	  
1997).	  In	  terms	  of	  informing	  the	  MEDIATE	  research,	  ErotoGod	  is	  a	  multisensory	  
installation	  with	  a	  visual,	  sonic	  and	  vibrotactile	  interface,	  but	  is	  dependent	  on	  the	  
user	  being	  in	  a	  fixed	  location	  as	  well	  as	  requiring	  a	  bodysuit.	  Gestation	  allows	  full	  
body	  motion	  and	  reacts	  to	  user	  activity,	  but	  there	  is	  only	  1	  camera	  supporting	  the	  
tracking.	  There	  is	  a	  bias	  towards	  the	  sonic	  modality	  due	  to	  Paine’s	  interest	  in	  musical	  
instruments,	  and	  there	  was	  no	  vibrotactile	  interface.	  Both	  installations	  are	  relevant	  
to	  MEDIATE	  in	  this	  thesis	  in	  the	  way	  they	  invite	  engagement	  through	  embodiment.	  
2.5.3 Gestural	  Interfaces	  	  
Gestural	  interfaces	  have	  recently	  entered	  mainstream	  design	  with	  consumer	  
electronics	  such	  as	  Nintendo's	  Wii	  controller	  and	  Apple's	  iPhone	  touch	  interface	  
receiving	  widespread	  success	  and	  interest.	  How	  to	  couple	  bodily	  interaction	  with	  
computer	  controlled	  responses	  in	  a	  meaningful	  way	  is	  an	  area	  of	  research	  still	  in	  its	  
infancy,	  although	  the	  technology	  enabling	  this	  has	  been	  around	  since	  about	  the	  
middle	  of	  the	  20th	  century.	  The	  technological	  equipment	  here	  often	  involves	  a	  visual	  
tracking	  system	  to	  capture	  movement	  and	  motion	  from	  as	  many	  points	  as	  possible.	  
The	  inherent	  richness	  of	  kinaesthetic	  motion	  can	  be	  transferred	  into	  digital	  data	  and	  
produce	  feedback	  for	  a	  system	  that	  might	  amplify,	  distort	  or	  otherwise	  respond	  to	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the	  user's	  actions.	  Key	  projects	  here	  include	  Videoplace	  (1972-­‐1990)	  by	  Myron	  
Krueger	  (Krueger,	  1985)	  and	  Golan	  Levin's	  (Levin,	  2007)	  Interstitial	  Fragment	  
Processor	  for	  their	  use	  of	  real-­‐time	  full	  body	  interaction.	  Krueger	  pioneered	  this	  type	  
of	  technology	  before	  it	  was	  even	  developed	  enough	  by	  experimenting	  with	  
interaction	  scenarios.	  Levin	  has	  created	  an	  installation	  similar	  to	  the	  one	  by	  Kahana	  
(2005),	  who	  designed	  visual	  responses	  to	  emphasise	  the	  space	  between	  people.	  The	  
Interstitial	  Fragment	  Processor	  also	  allows	  people	  to	  play	  with	  ‘shadows’	  or	  
silhouettes	  of	  themselves	  and	  shapes	  between	  them.	  
David	  Rokeby's	  “Very	  Nervous	  System”	  (Zacks,	  1999)	  is	  an	  interactive	  sound	  
installation	  that	  was	  shown	  and	  performed	  in	  various	  places,	  from	  1986	  to	  1991.	  	  
Rokeby	  is	  very	  concerned	  with	  engaging	  the	  body	  in	  computer-­‐mediated	  spaces:	  
physical	  gestures	  manipulate	  sound	  qualities	  in	  real-­‐time,	  creating	  a	  close	  link	  
between	  human	  body,	  perception,	  mind	  and	  technology.	  	  
2.5.4 Verisimilitude	  /	  Abstraction	  
The	  one	  camp	  in	  interface	  design	  counteracts	  a	  loss	  of	  sensory	  information	  in	  digital	  
environment	  by	  a	  push	  for	  more	  'realism'	  -­‐	  manifested	  in	  an	  emphasis	  on	  larger	  
scale,	  surround	  sound	  and	  sometimes	  vibration	  effects	  in	  seating	  or	  control	  pads.	  –	  
in	  other	  words,	  ‘increasing’	  the	  bandwidth	  and	  resolution	  of	  sensory	  input.	  Hayward	  
&	  Wollen	  describe	  how	  cinema	  and	  television	  particularly	  have	  been	  driven	  to	  
“attain	  degrees	  of	  realism	  each	  more	  convincing	  than	  the	  last”	  (Hayward	  &	  Wollen,	  
1993).	  Whether	  merely	  increasing	  sensory	  stimulation	  would	  always	  work	  to	  
enhance	  experience,	  is	  doubtful.	  Is	  a	  representation	  of	  reality	  as	  it	  is,	  always	  the	  
most	  exciting	  way	  to	  engage	  the	  viewer/user?	  McLuhan's	  theory	  of	  hot	  and	  cool	  
media	  may	  be	  useful	  to	  draw	  upon	  here.	  McLuhan	  described	  a	  hot	  medium	  as	  one	  
that	  disallows	  participation	  to	  a	  great	  degree.	  The	  informational	  content	  in	  this	  case	  
is	  so	  high,	  that	  no	  space	  is	  left	  for	  individual	  differences	  in	  perception.	  	  On	  the	  other	  
hand,	  cool	  media	  leave	  gaps	  for	  the	  audience	  to	  fill	  with	  their	  imagination	  (McLuhan,	  
1994).	  It	  may	  be	  therefore	  more	  desirable,	  in	  order	  to	  engage	  the	  audience,	  not	  to	  
provide	  all	  the	  information	  in	  a	  prescriptive	  way,	  but	  let	  them	  pull	  the	  information	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themselves	  and	  leave	  room	  for	  personal	  interpretation.	  This	  has	  been	  a	  guiding	  
principle	  in	  my	  approach	  henceforth,	  and	  is	  paralleled	  in	  MEDIATE	  by	  the	  design	  
team's	  adaption	  of	  abstract	  and	  non-­‐representational	  stimuli	  such	  as	  visual	  patterns	  
and	  abstract	  sounds	  and	  in	  the	  tactile	  interfaces	  inviting	  exploration	  described	  (Tune	  
Fork	  and	  Impression	  Wall).	  This	  ‘designing-­‐in’	  of	  the	  active	  participation	  of	  the	  user	  
in	  the	  process	  sets	  it	  apart	  from	  a	  mere	  passive	  consumption	  of	  a	  screen	  experience.	  
In	  film	  theory,	  this	  creative	  way	  of	  engaging,	  creating	  suspense	  and	  keeping	  
attention	  has	  long	  been	  practiced	  and	  discussed:	  
Many	  will	  continue	  to	  believe	  that	  it	  is	  more	  effective	  to	  appeal	  to	  the	  mind	  and	  
the	  emotions	  rather	  than	  directly	  to	  the	  senses;	  'heard	  melodies	  are	  sweet,	  but	  
those	  unheard	  are	  sweeter'.	  (Stephenson	  &	  Phelps,	  1989,	  p.206)	  
So	  the	  one	  approach	  to	  creating	  interactive	  experience	  is	  aiming	  to	  create	  a	  carbon-­‐
copy	  of	  reality,	  a	  simulation	  –	  whereas	  the	  other	  approach	  is	  to	  produce	  a	  suggestion	  
of	  reality,	  which	  leaves	  enough	  gaps	  for	  the	  viewer/user	  to	  fill	  in,	  using	  their	  own	  
imagination.	  These	  questions	  have	  been	  tackled	  in	  the	  area	  of	  Virtual	  Reality	  
(abstraction/metaphor	  vs.	  presence/verisimilitude),	  and	  now	  with	  embedded	  
technology	  becoming	  more	  ubiquitous,	  are	  entering	  the	  physical	  realm.	  
A	  great	  deal	  of	  attention	  has	  been	  given	  over	  the	  past	  two	  decades	  for	  making	  
audiovisual	  representations	  'more	  real'	  […]	  this	  issue	  of	  'realness'	  or	  'presence'	  
has	  split	  the	  arts	  community	  into	  two	  camps:	  those	  who	  care	  and	  those	  who	  
don't.	  (Naimark,	  1997,	  p.1)	  
So,	  as	  for	  film	  and	  gaming,	  also	  for	  digital	  interface	  design,	  there	  is	  a	  distinction	  
between	  suggestion	  of	  reality	  and	  simulation	  of	  reality	  –	  the	  choice	  of	  which	  one	  can	  
have	  philosophical	  or	  mere	  functional	  reasons.	  	  
For	  example,	  haptic	  technology	  has	  different	  uses	  and	  therefore	  different	  design	  
paradigms	  take	  hold.	  Devices	  designed	  for	  task-­‐oriented	  and	  utilitarian	  purposes	  
(military,	  medicine,	  space	  travel)	  need	  to	  be	  as	  close	  to	  reality	  as	  possible	  and	  
therefore	  use	  simulation.	  Devices	  in	  this	  group	  are	  often	  used	  as	  sensory	  substitution	  
or	  augmentation,	  and	  expressions	  are	  literal.	  Haptic	  devices	  designed	  for	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communicative	  and	  humanistic	  purposes	  (interpersonal	  communication,	  creative	  
outlets),	  -­‐	  can	  harness	  the	  human	  perceptual	  system	  for	  metaphorical	  associations.	  
This	  is	  useful	  for	  allowing	  affect	  and	  expression,	  speaks	  on	  a	  psychological	  level	  and	  
can	  be	  ephemeral,	  intangible,	  poetic	  (as	  explored	  in	  the	  section	  on	  Haptic	  devices	  
grouped	  into	  philosophical	  models).	  
2.5.5 “Deconstructing	  the	  Screen”	  
Paralleled	  to	  developments	  towards	  embodiment	  in	  the	  brief	  overview	  of	  interface	  
projects	  above,	  my	  position	  and	  research	  interest	  as	  an	  increasingly	  interaction	  
based	  designer	  will	  be	  further	  explained,	  by	  describing	  a	  previous	  project	  that	  led	  me	  
to	  the	  interest	  and	  starting	  point	  for	  the	  MEDIATE	  research	  -­‐	  this	  particular	  project	  
revolving	  around	  immersion	  and	  embodied	  interaction. The	  project	  I	  developed	  was	  
a	  low-­‐tech	  multisensory	  installation,	  aptly	  named	  "Deconstructing	  the	  Screen	  -­‐	  
Enhancing	  the	  Screen	  Experience?",	  created	  at	  the	  University	  of	  Portsmouth	  in	  2000	  
as	  part	  of	  my	  studies	  on	  the	  BA	  Communication	  Design.	  	  It	  was	  aimed	  as	  a	  critique	  of	  
desktop	  computer-­‐screen-­‐keyboard-­‐mouse	  solutions	  –	  screen	  designs	  are	  limited	  
and	  do	  not	  embrace	  the	  whole	  sensory	  spectrum	  (two-­‐dimensional,	  flat,	  audiovisual,	  
rectangular).	  	  
The	  installation	  consisted	  of	  projecting	  photographic	  slides	  onto	  a	  spinning	  mirror	  
ball.	  The	  images	  were	  depicting	  computer	  screens	  -­‐	  these	  were	  re-­‐mixed	  and	  
collaged,	  pushing	  their	  perceptibility.	  Semi-­‐transparent	  posters	  with	  screen-­‐printed	  
quotes	  and	  designs	  dealing	  with	  the	  viewer's	  relationship	  with	  the	  screen	  were	  
suspended	  from	  the	  ceiling	  in	  a	  circle	  around	  the	  mirror	  ball,	  which	  broke	  up	  the	  
reflections	  into	  different	  layers	  around	  the	  room.	  This	  engaging	  visual	  effect	  
emphasised	  the	  feeling	  of	  immersion	  and	  the	  fact	  that	  the	  installation	  was	  
interesting	  to	  view	  from	  every	  chosen	  perspective	  –	  different	  from	  screen	  designs,	  
where	  only	  one	  visual	  perspective	  is	  enabled:	  the	  viewer	  is	  forced	  into	  looking	  into	  
the	  direction	  of	  the	  screen.	  Observing	  viewers	  in	  the	  installation	  showed	  them	  
having	  to	  really	  engage	  with	  it,	  wandering	  around	  to	  experience	  all	  angles	  and	  due	  to	  
changing	  lighting	  conditions	  having	  to	  move	  really	  close	  up	  to	  read	  the	  writing;	  as	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well	  as	  being	  able	  to	  spin	  the	  mirror	  ball	  at	  their	  chosen	  speed,	  forcing	  them	  to	  
become	  part	  of	  and	  interact	  with	  the	  installation,	  touch	  it	  and	  make	  it	  their	  own.	  In	  
the	  corner,	  a	  traditional	  TV	  was	  showing	  a	  snowy	  image	  with	  nothing	  happening	  at	  
all.	  
	  
Fig	  16	   “Deconstructing	  the	  Screen”	  installation	  
The	  installation	  raised	  issues	  about	  immersion	  (entering	  a	  different	  world:	  
cyberspace/virtual	  reality),	  intensification	  (increase	  sensory	  stimulation	  to	  
compensate	  for	  loss	  of	  redundant	  information)	  and	  interaction	  (engage	  user	  with	  
body	  and	  mind).	  	  
2.5.6 Haptics	  
The	  sense	  of	  Touch,	  although	  often	  lamented	  to	  be	  under-­‐researched	  and	  complex,	  
has	  recently	  become	  a	  focus	  of	  attention	  and	  research	  carried	  out	  by	  many	  
disciplines.	  It	  is	  seen	  by	  some	  as	  the	  next	  step	  in	  HCI	  design	  and	  heralded	  in	  some	  
places	  as	  the	  solution	  to	  counter	  an	  increasingly	  unnatural	  experience	  in	  a	  growing	  
expanse	  of	  digital	  and	  intangible	  environments.	  The	  research	  community	  named	  
"Haptics"	  mainly	  involves	  engineers	  fabricating	  robotic	  mechanical	  devices,	  
computer	  scientists	  developing	  algorithms	  for	  rendering	  virtual	  haptic	  experiences	  
and	  psychophysicists	  harvesting	  the	  new	  controllable	  tools	  for	  researching	  the	  
processes	  of	  human	  skin,	  nerves	  and	  brain	  responses.	  The	  significance	  of	  touch	  in	  a	  
digital	  age	  is	  also	  being	  explored	  in	  a	  broader	  way.	  	  
Haptic	  technologies	  are	  literally	  making	  their	  presence	  felt	  everywhere,	  
integrating	  into	  the	  computer	  interfaces	  at	  our	  desktops,	  through	  mice	  and	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joysticks,	  to	  more	  complicated	  design	  tools,	  and	  even	  transforming	  our	  
experience	  of	  virtual	  environments.	  (Paterson,	  2005,	  p.	  431)	  
Some	  thought	  might	  be	  given	  to	  the	  terminology	  of	  ‘Haptics’.	  The	  problem	  with	  the	  
term	  'Haptics'	  is	  that	  presently,	  disciplines	  such	  as	  Psychology	  and	  Engineering	  and	  
Computer	  Science	  have	  claimed	  it	  in	  the	  way	  that	  the	  mention	  of	  the	  word	  'Haptics'	  
often	  conjures	  up	  images	  of	  tele-­‐robotics,	  which	  is	  really	  only	  one	  interpretation	  of	  
the	  much	  broader	  definition	  of	  Haptics	  as	  the	  ‘’Senses	  of	  Touch’.	  When	  researching	  
these	  senses,	  very	  quickly	  one	  realises	  how	  difficult	  it	  is	  to	  sum	  all	  dimensions	  up	  in	  
one	  simplistic	  word	  like	  'touch'.	  The	  term	  'Haptics'	  goes	  some	  way	  towards	  solving	  
this,	  being	  the	  Greek	  word	  for	  something	  like	  'The	  Senses	  of	  Touch'	  and	  implying	  all	  
dimensions	  and	  parameters,	  such	  as	  the	  cutaneous	  sense,	  the	  kinaesthetic	  sense,	  
the	  proprioceptive	  sense	  and	  the	  vestibular	  sense.	  It	  is	  very	  often	  only	  the	  cutaneous	  
sense	  we	  refer	  to	  when	  we	  say	  'touch'	  in	  everyday	  language,	  but	  on	  closer	  inspection	  
this	  is	  really	  only	  one	  aspect	  of	  this	  sense.	  There	  is	  something	  to	  be	  said	  to	  work	  
towards	  a	  wider	  acceptance,	  usage	  and	  definition	  of	  the	  term,	  however	  for	  this	  
thesis,	  the	  sense	  of	  touch	  will	  be	  referred	  to	  for	  clarity.	  
2.5.7 History	  of	  Input	  Devices	  
While	  it	  is	  accepted	  that	  touch	  is	  important	  in	  human	  interaction,	  when	  it	  comes	  to	  
interacting	  with	  digital	  environments	  via	  the	  computer,	  this	  sense	  has	  been	  
neglected	  for	  a	  long	  time,	  as	  this	  brief	  overview	  of	  input	  device	  developments	  will	  
demonstrate.	  
When	  Douglas	  Engelbart	  of	  the	  Stanford	  Research	  Institute	  developed	  the	  mouse	  in	  
1963	  to	  improve	  usability,	  this	  moved	  the	  possibilities	  for	  interface	  from	  entering	  
lines	  of	  code	  to	  the	  development	  of	  the	  currently	  customary	  WIMP	  (window,	  icon,	  
menu,	  pointing	  device)	  interfaces,	  developed	  at	  XEROX	  park	  in	  1973	  –	  as	  seen	  on	  the	  
Apple	  Macintosh	  Desktop	  metaphor,	  released	  and	  popularized	  in	  1984.	  Later,	  
developments	  in	  Virtual	  reality	  called	  for	  multisensory	  interaction	  to	  increase	  the	  
realism	  of	  simulatory	  experiences.	  	  Developed	  and	  distributed	  by	  Senseable	  since	  the	  
early	  1990s,	  the	  PHANToM	  is	  a	  Haptic	  Device	  ubiquitous	  in	  research	  labs	  around	  the	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world.	  The	  PHANToM	  is	  a	  stylus-­‐based	  interface	  delivering	  force	  feedback	  with	  
varying	  degrees	  of	  freedom.	  The	  Cyber	  Grasp	  Glove	  by	  Virtual	  Technologies	  enabled	  
the	  whole	  hand	  to	  be	  involved	  in	  grasping	  and	  manipulating	  digital	  content	  from	  the	  
late	  1990s,	  by	  incorporating	  sensors	  and	  force	  feedback	  actuators	  into	  an	  
exoskeletal	  glove	  (Burdea,	  1999).	  Developments	  in	  assistive	  technologies	  for	  people	  
with	  disabilities	  have	  become	  another	  of	  the	  drivers	  for	  the	  use	  of	  other	  senses	  for	  
communication	  and	  interaction.	  Tangible	  Interfaces,	  first	  proposed	  by	  Hiroshi	  Ishi	  at	  
MIT,	  are	  striving	  to	  combine	  digital	  bits	  and	  physical	  atoms	  -­‐	  to	  renegotiate	  the	  
physicality	  of	  interaction	  (Ishii,	  1997).	  This	  can	  be	  extended	  to	  include	  efforts	  in	  
embedded	  and	  physical	  interfaces,	  where	  miniature	  technology	  allows	  the	  digital	  
interactivity	  to	  be	  incorporated	  into	  the	  built	  environment	  –	  or	  natural	  environment,	  
as	  in	  AmbientWood,	  where	  children	  explore	  the	  forest	  with	  digital	  devices	  (Rogers,	  
2004).	  Experimental	  interfaces	  for	  musical	  expression	  have	  produced	  some	  more	  
innovative	  ways	  of	  engaging	  the	  senses,	  and	  especially	  the	  haptic	  skills	  that	  are	  so	  
important	  in	  playing	  instruments.	  	  
As	  observable	  from	  the	  Project	  Review	  (see	  Appendix	  C),	  a	  considerable	  interest	  
within	  Haptics	  centres	  on	  simulation	  and	  an	  increase	  of	  realism.	  This	  is	  mostly	  done	  
to	  support	  utilitarian	  tasks,	  to	  reduce	  errors,	  performance	  time	  and	  support	  
collaboration.	  The	  role	  of	  the	  body	  in	  learning	  and	  communicating,	  or	  the	  area	  of	  
embodied	  learning	  has	  had	  a	  revival	  of	  interest	  in	  the	  context	  of	  the	  development	  of	  
tangible	  aids	  to	  support	  cognition.	  Epistemologically	  important	  attempts	  at	  
integrating	  physical	  objects,	  variation,	  experience	  and	  motion	  into	  learning	  and	  
developing	  are	  emerging.	  Some	  of	  the	  advantages	  for	  using	  touch	  in	  Interface	  Design	  
will	  be	  explored	  in	  the	  next	  section.	  Haptics	  has	  moved	  out	  of	  research	  labs	  and	  
design	  think	  tanks	  and	  is	  becoming	  more	  and	  more	  commercially	  available	  and	  
mainstream,	  visible	  in	  market	  successes	  like	  Nintendo's	  'Wii'	  and	  ‘Fitboard’,	  Apple's	  
'iPhone'	  and	  ‘iPad’	  as	  well	  as	  Microsoft's	  'Surface'	  as	  the	  main	  examples.	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2.5.8 Advantages	  of	  Touch	  in	  HCI	  
This	  section	  will	  give	  an	  overview	  of	  reasons	  developers	  of	  Haptic	  devices	  list	  in	  
justifying	  their	  endeavours.	  A	  growing	  number	  of	  people	  now	  have	  a	  pretty	  good	  
"feeling"	  about	  investing	  in	  and	  developing	  Haptic	  technology.	  Including	  various	  
modes	  and	  senses	  in	  the	  interaction	  process	  gives	  the	  impression	  that	  this	  will	  
become	  more	  "natural"	  and	  "intuitive".	  Primarily,	  this	  assumption	  is	  based	  on	  the	  
model	  of	  human	  interaction,	  non-­‐mediated	  by	  technology,	  as	  this	  capitalises	  on	  the	  
whole	  range	  of	  not	  just	  the	  sensory	  apparatus,	  but	  obviously	  the	  gestalt	  of	  
experience	  and	  the	  ‘being-­‐in-­‐the	  world’.	  Interface	  design	  technology	  necessarily	  
splits	  this	  into	  channels	  and	  reduces	  experience	  into	  components.	  	  When	  designing	  
an	  interface,	  it	  then	  becomes	  necessary	  to	  consider	  which	  components	  will	  have	  to	  
be	  reproduced	  or	  enabled,	  and	  how	  sensory	  information	  can	  be	  represented.	  	  
What	  exactly	  the	  benefits	  are	  for	  including	  touch	  in	  interface	  design	  is	  not	  always	  
clearly	  stated	  and	  evaluated,	  but	  they	  include	  descriptions	  such	  as	  “richer”,	  “more	  
intuitive”,	  	  “universal”,	  “no	  training”,	  “immediate”,	  “peripheral”,	  “more	  valid”	  (taken	  
from	  case	  studies	  in	  Appendix	  D).	  In	  describing	  some	  of	  these	  advantages	  I	  am	  
deliberately	  keeping	  to	  the	  terminology	  and	  concerns	  as	  relevant	  to	  interface	  design	  
and	  Haptic	  Engineering,	  or	  more	  broadly	  the	  HCI	  community,	  to	  keep	  the	  emphasis	  
on	  the	  practice	  and	  reality	  of	  technological	  consideration	  and	  the	  design	  of	  
interactive	  systems.	  
2.5.8.1 Multi-­‐channel	  HCI	  
Adding	  more	  sensory	  channels	  to	  HCI	  means	  being	  able	  to	  transmit	  more	  
information	  at	  once.	  With	  adding	  touch,	  one	  can	  transmit	  many	  parameters,	  which	  
are	  not	  covered	  by	  other	  senses,	  or	  multiplex	  the	  communication	  by	  encoding	  the	  
same	  information	  redundantly,	  via	  various	  modes	  simultaneously.	  
One	  of	  the	  reasons	  for	  including	  touch	  in	  interface	  design	  is	  because	  it	  is	  powerful	  in	  
the	  amount	  of	  information	  that	  can	  be	  transmitted	  in	  a	  very	  short	  space	  of	  time.	  
Although	  it	  has	  been	  considered	  a	  limited	  source	  of	  information	  due	  to	  its	  localized	  
and	  sequential	  nature	  –	  it	  is	  hard	  to	  “see	  the	  whole	  picture”	  with	  haptic	  exploration	  
–	  touch	  has	  actually	  many	  parameters	  of	  information	  that	  can	  be	  transmitted	  in	  an	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instance.	  Through	  touch	  we	  can	  perceive	  force	  and	  pressure,	  temperature	  and	  
texture	  from	  both	  people	  and	  objects.	  
Those	  parameters	  themselves	  can	  again	  be	  broken	  down	  into	  groups	  of	  parameters	  
–	  texture	  has	  many	  faces	  -­‐	  sticky,	  wet,	  rough	  and	  smooth	  are	  just	  a	  few	  examples.	  
Hayward	  has	  a	  more	  comprehensive	  list	  of	  parameters	  perceivable	  by	  touch:	  
Sensations	  of	  pressure,	  texture,	  puncture,	  thermal	  properties,	  softness,	  wetness,	  
friction-­‐induced	  phenomena,	  adhesion,	  micro	  failures,	  as	  well	  as	  local	  features	  of	  
objects	  such	  as	  edges,	  embossings	  and	  divets.	  There	  are	  also	  vibro-­‐tactile	  
sensations	  that	  refer	  to	  the	  perception	  of	  an	  oscillating	  object	  in	  contact	  with	  
the	  skin.	  In	  addition,	  proprioceptive,	  or	  kinaesthetic	  perception,	  refers	  to	  the	  
awareness	  of	  ones'	  body	  states	  including	  position,	  velocity	  and	  forces	  supplied	  
by	  the	  muscles.	  	  (Hayward,	  2000,	  p.1)	  
Through	  the	  haptic	  sense	  we	  can	  perceive	  many	  qualities	  at	  once.	  The	  haptic	  sense	  
in	  itself,	  as	  briefly	  introduced	  earlier,	  is	  being	  debated	  as	  to	  whether	  it	  can	  be	  
summarised	  as	  one	  sense,	  or,	  due	  to	  its	  many	  dimensions	  and	  parameters,	  is	  more	  
accurately	  described	  as	  a	  collection	  of	  senses.	  To	  clarify	  the	  definitions	  as	  used	  in	  this	  
thesis,	  the	  haptic	  senses	  are	  made	  up	  of	  the	  following:	  
Cutaneous	  –	  Skin,	  including	  pain	  and	  temperature	  
Tactile	  –	  Feeling	  texture	  and	  vibration	  through	  mechanoreceptors	  
Proprioceptive	  –	  Feeling	  our	  position	  of	  the	  body	  in	  the	  world,	  state	  and	  movement.	  
Vestibular	  –	  Feeling	  of	  balance	  through	  the	  inner	  ear	  
Kinaesthetic	  –	  Sense	  of	  motion	  of	  our	  body	  in	  space,	  deep	  muscular	  stimulation	  and	  
feeling	  our	  body	  viscerally.	  
Touch	  seems	  to	  differ	  from	  the	  other	  senses	  in	  various	  qualities,	  which	  makes	  it	  an	  
intriguing	  choice	  for	  interaction	  design.	  The	  way	  we	  view	  our	  senses	  determined	  
through	  cultural	  history	  has	  been	  discussed	  in	  the	  sections	  above,	  but	  there	  is	  also	  a	  
functional	  element	  that	  seems	  determined	  by	  evolutionary	  advantage,	  in	  terms	  of	  
what	  touch	  is	  particularly	  useful	  for	  (for	  a	  summary	  of	  Maryanski’s	  hierarchy	  of	  the	  
senses	  from	  an	  evolutionary	  point	  of	  view,	  see	  Appendix	  B).	  To	  touch	  and	  be	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touched	  means	  being	  in	  physical	  contact,	  which	  can	  be	  powerful	  in	  a	  positive	  or	  in	  a	  
negative	  way	  (it	  can	  feel	  caressing	  and	  soothing,	  yet	  also	  threatening	  and	  painful).	  
For	  short	  or	  long	  distance	  transmission,	  the	  visual,	  aural	  or	  olfactory	  are	  better	  
suited.	  However,	  touch	  is	  less	  sensitive	  to	  external	  influences	  like	  light,	  darkness	  and	  
noise,	  apart	  from	  conditions	  like	  extreme	  cold	  or	  heat,	  so	  in	  this	  way	  it	  can	  
supplement	  the	  visual	  and	  aural	  senses.	  It	  is	  important	  for	  nonverbal	  communication	  
and	  usually	  exclusive,	  i.e.	  directed	  specifically	  at	  the	  person	  receiving	  the	  touch.	  
Whereas	  the	  visual	  and	  aural	  senses	  are	  usually	  under	  cortical	  control,	  touch	  can	  
cause	  both	  a	  purposeful	  and	  intentional	  response,	  or	  an	  emotionally	  based	  response	  
(like	  a	  fight	  or	  flight	  reaction)	  –	  with	  smell	  causing	  distinctly	  emotional	  responses.	  
2.5.8.2 Sensory	  Substitution	  and	  Augmentation	  
An	  obvious	  advantage	  of	  utilizing	  the	  haptic	  sense	  in	  HCI	  is	  in	  situations	  where	  other	  
senses	  are	  not	  available	  or	  desired,	  biologically	  or	  environmentally.	  This	  situation	  
could	  be	  in	  the	  form	  of	  sensory	  impairment,	  for	  example	  people	  with	  disabilities	  will	  
benefit	  from	  using	  the	  sensory	  channels	  available	  to	  them.	  For	  deaf	  and	  blind	  users,	  
the	  haptic	  channel	  is	  a	  very	  useful	  way	  of	  exploring	  and	  interacting	  with	  the	  world	  
through,	  for	  example,	  assistive	  devices.	  Sensory	  impairment	  could	  also	  be	  seen	  in	  
situations,	  where	  we	  are	  temporarily	  hindered	  from	  using	  the	  whole	  spectrum	  of	  
sense	  impressions.	  Work	  carried	  out	  in	  difficult	  to	  reach,	  remote	  or	  hazardous	  
spaces	  often	  means	  restricted	  visibility	  –	  for	  example	  working	  in	  outer	  space,	  under	  
the	  sea,	  or	  through	  keyhole	  surgery.	  Sometimes	  we	  cannot	  trust	  some	  of	  our	  senses,	  
and	  others	  are	  better	  and	  more	  reliable	  -­‐	  fighter	  /	  helicopter	  pilots	  are	  one	  such	  user	  
group.	  When	  the	  eyes	  lose	  orientation,	  the	  skin	  can	  be	  a	  very	  reliable	  source	  of	  
navigational	  information.	  In	  case	  the	  audio	  channel	  needs	  to	  be	  restricted	  for	  
communication,	  due	  to	  being	  in	  a	  meeting,	  at	  a	  concert,	  or	  in	  enemy	  fields,	  the	  skin	  
could	  still	  receive	  information	  (for	  a	  list	  of	  social	  situations	  where	  touch	  is	  of	  
advantage,	  see	  Appendix	  A).	  
Tactile	  communications	  are	  expedient	  for	  conveying	  information	  both	  privately	  
and	  indiscriminately,	  and	  knowledge	  transmitted	  through	  touch	  is	  not	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environmentally	  sensitive,	  except	  under	  low	  temperature	  conditions,	  which	  
impedes	  perception	  (Maryanski,	  1997,	  p.196)	  
The	  sensory	  system	  has	  long	  been	  built	  and	  evolved	  in	  a	  way	  that	  senses	  can	  support	  
different	  types	  of	  tasks	  and	  can	  take	  over	  from	  each	  other	  and	  support	  each	  other.	  
Nonverbal	  communication	  is	  a	  system	  which	  is	  almost	  instantly	  received	  and	  
processed	  by	  the	  communication	  partner	  and	  is	  therefore	  fairly	  'robust'	  and	  
'effective’	  -­‐	  i.e.	  not	  too	  dependent	  on	  bad	  environmental	  conditions.	  
2.5.8.3 Bidirectionality	  	  
Haptic	  perception	  performs	  best	  through	  active	  exploration	  (Lederman	  &	  Klatzky,	  
1987).	  An	  actively	  moving	  hand	  is	  able	  to	  perceive	  more	  differentiated	  impressions	  
than	  a	  passive	  one.	  So	  far,	  most	  interface	  hardware	  is	  limiting	  the	  hand	  to	  point-­‐and-­‐
click	  activity,	  with	  no	  feedback	  other	  than	  audiovisual	  stimulus.	  Ulbricht	  also	  
describes	  that:	  	  
The	  whole	  hand	  is	  more	  than	  the	  sum	  of	  the	  fingers,	  the	  interaction	  of	  moving	  
fingers,	  the	  palm	  and	  the	  thumb	  is	  better	  for	  clarity	  of	  differentiation	  -­‐	  for	  
example	  to	  determine	  thickness	  of	  paper	  (Ulbricht,	  1988,	  p.31)	  
This	  underlines	  the	  fact,	  that	  to	  allow	  the	  hand	  more	  possibilities	  for	  dynamic	  action	  
and	  feedback,	  the	  amount	  of	  perceivable	  information	  can	  be	  increased.	  With	  haptic	  
interface	  technology,	  we	  will	  be	  able	  to	  open	  up	  the	  possibilities	  for	  perception.	  It	  
generally	  means	  the	  inclusion	  of	  not	  just	  sensing	  systems,	  with	  a	  range	  of	  sensing	  
parameters	  to	  choose	  from	  (i.e.	  switches,	  location	  or	  proximity	  sensors,	  or	  
biomedical	  sensors),	  but	  also	  the	  provision	  of	  some	  sort	  of	  actuator	  system,	  giving	  
the	  body	  feedback	  about	  the	  interactions	  and	  processes	  in	  the	  digital	  environment.	  
The	  potential	  benefits	  of	  adding	  the	  haptic	  channel	  and	  allowing	  users	  to	  actively	  
'explore'	  and	  'grasp'	  digital	  content,	  becomes	  clearer	  when	  considering	  Katz	  (1969),	  
who	  has	  written	  extensively	  on	  the	  importance	  of	  the	  sense	  of	  touch:	  
Practically	  through	  our	  muscle	  activity,	  we	  produce	  qualities	  like	  roughness	  and	  
smoothness,	  hardness	  and	  softness,	  we	  are	  the	  true	  creators	  of	  these	  qualities.	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Touch	  means	  bringing	  to	  life	  a	  special	  class	  of	  physical	  qualities	  through	  one's	  
own	  activity	  (Katz,	  1969,	  p.32,	  quoted	  in	  Petruschat,	  2000)	  
Katz	  describes	  how	  we	  create	  our	  own	  unique	  reality	  through	  active	  touch.	  	  The	  
individual	  angle	  to	  perception	  here	  takes	  on	  a	  huge	  meaning,	  also	  relating	  both	  to	  
the	  idea	  of	  affordances	  and	  considering	  an	  actor	  in	  their	  environment.	  Pressing	  a	  
table	  hard	  creates	  a	  certain	  response,	  stroking	  softly	  a	  different	  one.	  We	  'create'	  
much	  of	  our	  perceptions	  and	  inner	  impressions	  through	  being	  'enactive'.	  Touch	  
seems	  initially	  to	  be	  black	  and	  white	  in	  its	  meaning,	  'it	  is	  either	  there	  or	  not	  there'	  -­‐	  
however,	  there	  are	  complex	  webs	  of	  meanings	  around	  our	  own	  perceptions,	  and	  
also	  differences	  in	  sensitivities,	  psychophysically	  and	  culturally.	  When	  designing	  
haptic	  interfaces	  the	  user	  and	  their	  creation	  of	  individual	  reality	  must	  therefore	  
specifically	  be	  considered,	  calling	  for	  a	  user-­‐centered	  approach.	  It	  should	  not	  be	  a	  
usability-­‐bound	  burden	  to	  try	  and	  'get	  them	  to	  feel'	  what	  designers	  and	  researchers	  
want	  them	  to	  feel,	  we	  should	  harvest	  the	  fact	  that	  the	  user	  could	  create	  their	  own	  
experience	  by	  varying	  their	  touch	  activity.	  	  
2.5.8.4 Increase	  of	  Realism	  –	  The	  Experience	  of	  Presence	  
In	  the	  discipline	  of	  Virtual	  Reality,	  the	  immediacy	  of	  touch	  has	  driven	  a	  lot	  of	  
development	  with	  the	  aim	  of	  providing	  haptic	  stimulus	  and	  enhancing	  the	  realism	  of	  
interaction	  with	  virtual	  environments	  –	  particularly	  the	  notion	  of	  ‘presence’	  or	  
‘telepresence’,	  which	  relates	  to	  the	  feeling	  of	  being	  in	  the	  environment	  (Slater	  et	  al,	  
1998;	  Sanchez-­‐Vives	  &	  Slater,	  2005;	  Zahoric,	  1998,	  Basdogan,	  2000),	  and	  also	  to	  the	  
perception	  of	  others	  in	  terms	  of	  collaboration	  (Kim	  et	  al,	  2004;	  Sallnäs	  et	  al,	  2000).	  
VR	  researchers	  are	  continuously	  striving	  to	  convince	  us	  to	  suspend	  our	  disbelief	  and	  
submerge	  ourselves	  in	  the	  virtual	  worlds	  they	  are	  creating.	  The	  body	  plays	  a	  huge	  
part	  in	  the	  feeling	  of	  being	  'in	  a	  space'.	  In	  a	  world	  where	  content	  and	  information	  is	  
becoming	  digital,	  virtual	  and	  ephemeral,	  the	  urge	  to	  touch	  something,	  to	  have	  
something	  tangible,	  to	  grasp	  and	  manipulate,	  has	  been	  neglected.	  The	  rising	  interest	  
in	  incorporating	  the	  body	  and	  the	  sensory	  environment	  in	  HCI	  is	  reflecting	  this	  need,	  
which	  may	  be	  related	  to	  how	  important	  touch	  is	  to	  our	  fundamental	  experience,	  
development,	  trust	  and	  wellbeing.	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Touch	  is	  maybe	  also	  especially	  impacting	  within	  HCI,	  as	  it	  is	  one	  of	  the	  proximal	  
senses	  and	  therefore	  has	  to	  be	  delivered	  directly	  (other	  than	  TV	  for	  example)	  -­‐	  which	  
is	  why	  'virtual	  touch',	  in	  the	  sense	  that	  it	  only	  exists	  in	  cyberspace	  and	  does	  not	  
come	  into	  contact	  with	  us	  as	  a	  real	  entity,	  is	  not	  a	  feasible	  concept.	  Maybe	  there	  has	  
to	  be	  a	  differentiation:	  touch	  can	  be	  derived	  from	  a	  virtual	  object,	  rendered	  digitally	  
in	  cyberspace,	  but	  will	  always	  have	  to	  be	  delivered	  by	  a	  real	  object	  touching	  us	  
directly.	  This	  is	  reflected	  in	  our	  language	  when	  we	  refer	  to	  having	  seen	  a	  celebrity	  or	  
someone	  else	  we	  mainly	  know	  from	  the	  TV	  or	  magazines	  “in	  real	  life”	  –	  it	  is	  
inconceivable	  at	  the	  moment	  to	  say	  “I	  have	  touched	  him	  in	  real	  life”.	  There	  may	  be	  
more	  metaphysical	  and	  spiritual	  ways	  to	  make	  someone	  'feel'	  touched,	  without	  any	  
physical	  contact	  -­‐	  as	  explored	  in	  the	  case	  study”	  The	  Space	  Between	  Us"	  (see	  
Appendix	  D),	  and	  to	  a	  degree	  in	  PinKom	  (see	  section	  on	  Affordances	  of	  Personal	  
Touch),	  where	  motivation	  and	  intent	  to	  communicate	  is	  enough	  to	  create	  a	  feeling	  of	  
being	  ‘touched’.	  
2.5.8.5 Avoiding	  Sensory/Cognitive	  Overload	  
An	  often-­‐stated	  reason	  for	  including	  touch	  in	  interface	  design	  is	  to	  relieve	  the	  work	  
of	  the	  strained	  audio-­‐visual	  senses,	  enabling	  peripheral	  perception	  and	  avoiding	  
cognitive	  overload	  (Hale	  &	  Stanney,	  2004;	  Ho	  et	  al,	  2005;	  Burke	  et	  al,	  2006).	  	  
Touch	  is	  extremely	  useful	  as	  an	  alert	  mechanism,	  due	  to	  its	  psychophysical	  abilities	  
and	  evolutionary	  development	  (Appendix	  B).	  An	  example	  where	  this	  could	  be	  
exploited	  is	  digital	  processes,	  where	  intermittent	  or	  persistent	  user	  attention	  and	  
monitoring	  is	  required	  –	  here,	  a	  haptic	  device	  would	  be	  useful.	  The	  device	  can	  tap	  
the	  user	  or	  nudge	  him	  to	  alert	  him	  that	  an	  event	  has	  just	  happened,	  leaving	  him	  free	  
to	  perform	  other	  tasks	  in	  the	  meantime.	  This	  is	  a	  highly	  effective	  way	  of	  shifting	  
attention	  only	  when	  necessary.	  
Haptic	  stimulus	  can	  also	  help	  to	  guide	  the	  user	  when	  interacting	  with	  digital	  content,	  
for	  example	  by	  emphasising	  certain	  information.	  Most	  navigation	  on	  screen	  is	  done	  
by	  visual	  perception,	  which	  can	  be	  tiring	  and	  prone	  to	  errors.	  It	  has	  therefore	  been	  
investigated	  how	  the	  inclusion	  of	  haptic	  phenomena,	  such	  as	  gravity	  wells,	  could	  
help	  the	  user	  perform	  their	  tasks.	  In	  this	  case	  for	  example,	  the	  aim	  would	  be	  to	  drag	  
files	  from	  a	  list	  into	  another	  list	  -­‐	  a	  gravity	  zone	  would	  mean	  that	  as	  the	  user	  moves	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the	  cursor	  around,	  through	  use	  of	  a	  haptic	  feedback-­‐enabled	  mouse,	  they	  would	  be	  
'pulled'	  towards	  their	  target.	  This	  could	  save	  time	  and	  prevent	  mistakes	  (Hwang	  et	  
al,	  2003).	  
2.5.8.6 Tangible	  Devices	  as	  Cognitive	  Aids	  
For	  people	  subscribing	  to	  the	  importance	  of	  embodied	  experiences,	  a	  re-­‐orientation	  
towards	  the	  tangible	  as	  a	  cognitive	  aid	  has	  emerged.	  Jaspers	  says	  on	  the	  importance	  
of	  schooling	  the	  hand:	  
The	  thinking	  act	  through	  the	  hand	  is	  the	  schooling	  of	  thought	  itself.	  The	  hand	  is	  
a	  tool	  of	  thought,	  but	  in	  such	  a	  way,	  that	  its	  meaningful	  deed	  is	  the	  direct	  reality	  
of	  thinking,	  which	  perfects	  desire	  of	  thinking	  in	  union	  with	  the	  hand.	  	  
(Jaspers,	  1947,	  p.28)	  
The	  hand	  externalizes	  ideas	  -­‐for	  example,	  through	  drawing,	  playing	  an	  instrument,	  
writing,	  caressing	  etc.	  In	  this	  way,	  learning	  the	  piano	  for	  example,	  also	  trains	  the	  
mind.	  The	  hand	  is	  able	  to	  express	  thoughts	  and	  reveal	  mental	  worlds.	  Pedagogies	  
like	  the	  Montessori	  method	  emphasise	  sensory	  foundations	  as	  important	  
experiences	  to	  enable	  abstract	  thoughts.	  Sensory	  rooms	  providing	  artificial	  sensory	  
stimulation	  in	  a	  controlled	  environment	  are	  making	  an	  entry	  into	  day	  care	  situations	  
for	  children	  and	  adults	  with	  special	  needs,	  ranging	  from	  learning	  difficulties	  through	  
to	  autism	  and	  dementia	  (see	  MEDIATE	  case	  study,	  Chapter	  3).	  This	  equipment	  is	  not	  
only	  a	  mood	  booster	  and	  a	  motivational	  tool	  for	  learning	  and	  interaction,	  but	  
thought	  to	  stimulate	  sensory	  and	  neurological	  areas,	  some	  of	  which	  are	  considered	  
an	  important	  prerequisite	  for	  communication	  (Powell,	  2000).	  	  
Computer	  interface	  designers	  are	  also	  increasingly	  contemplating	  a	  tangible	  element	  
for	  HCI.	  It	  is	  considered	  that	  to	  'grasp'	  something	  physically	  may	  ease	  the	  cognitive	  
load	  of	  interacting	  with	  abstract,	  arbitrary	  digital	  content.	  The	  double	  meaning	  of	  
'grasp'	  in	  this	  context	  is	  no	  coincidence	  -­‐	  our	  naming	  in	  language	  reflects	  how	  the	  
physical	  and	  cognitive	  act	  are	  linked.	  Marshall	  has	  been	  looking	  at	  the	  effectiveness	  
of	  such	  inclusion	  of	  tangible	  elements	  for	  learning	  and	  concludes	  that	  more	  empirical	  
research	  will	  be	  needed	  in	  this	  area	  about	  which	  types	  of	  interfaces	  are	  most	  useful	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(Marshall,	  2007).	  With	  practising	  and	  developing	  motor	  skills	  like	  writing,	  the	  hand	  
becomes	  a	  tool	  and	  a	  new	  opportunity	  for	  expression	  of	  thought.	  This	  is	  an	  
important	  factor	  in	  developing	  intelligence,	  independence	  and	  creativity.	  	  
One	  result	  of	  the	  research	  into	  (…)	  human	  beings	  is	  in	  the	  finding	  that	  the	  motor	  
activities	  (…)	  cannot	  be	  separated	  from	  linguistic	  activities.	  (…)	  It	  is	  an	  all-­‐
inclusive	  intellectual	  phenomenon,	  based	  neurologically	  on	  the	  connective	  areas	  
(in	  the	  brain)	  and	  expressed	  by	  a	  combination	  of	  body	  and	  voice.	  (…)	  language	  
brings	  the	  hand	  into	  service	  in	  graphic	  symbolism	  and	  in	  doing	  so	  attains	  its	  
state	  as	  script.	  (Leroi-­‐Gourhan,	  1964,	  p.39)	  
Expressing	  the	  position	  that	  achieving	  certain	  motor	  skills	  are	  linked	  to	  creating	  
areas	  in	  the	  brain	  which	  can	  be	  responsible	  for	  a	  lot	  of	  higher	  function	  skills	  like	  
achieving	  language,	  and	  even	  symbol	  systems	  like	  writing.	  
Frank	  R.	  Wilson	  is	  the	  medical	  director	  of	  the	  Peter	  F.	  Ostwald	  Health	  Program	  for	  
Performing	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  at	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  University	  of	  California	  School	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  Francisco	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in	  an	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  with	  Form+Zweck	  he	  talks	  about	  his	  fascination	  with	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  and	  how	  
learning	  a	  skill	  or	  a	  craft	  is	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  for	  creative	  makers	  and	  for	  the	  development	  of	  
an	  individual	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  He	  bases	  this	  on	  his	  research	  dealing	  with	  musicians	  as	  
patients	  and	  their	  hand	  injuries,	  enquiring	  about	  their	  motivations	  and	  influences.	  
He	  also	  quotes	  research	  by	  British	  anthropologist	  and	  ethnologist	  John	  Blacking	  
(Blacking,	  1974),	  observing	  the	  life	  of	  the	  Venda,	  a	  migratory	  people	  native	  to	  the	  
Transvaal	  of	  South	  Africa.	  This	  people's	  children	  in	  fact	  pass	  through	  initiation	  rituals	  
by	  acquiring	  musical	  skills	  and	  along	  with	  it	  the	  ability	  for	  individual	  expression	  -­‐	  
adding	  to	  the	  group	  and	  creating	  a	  unique	  identity	  for	  each	  child.	  Wilson	  stresses	  
however,	  that	  implementing	  such	  a	  skills	  enhancing	  way	  in	  a	  sweeping	  and	  general	  
manner	  would	  not	  be	  successful	  in	  any	  social	  group,	  as	  it	  is	  important	  to	  leave	  room	  
for	  the	  child	  to	  decide	  what	  to	  pursue	  themselves	  (Wilson,	  2001).	  
2.5.8.7 Touch	  for	  Communication	  
The	  sense	  of	  touch	  in	  the	  process	  of	  communication	  is	  as	  complex	  as	  it	  is	  compelling.	  
Again,	  intuitively	  it	  seems	  to	  have	  a	  lot	  to	  offer.	  Taking	  the	  situation	  of	  unmediated	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social	  touch	  as	  a	  model	  does	  seem	  like	  a	  good	  starting	  point	  to	  argue	  for	  Haptics	  
enabled,	  technology	  mediated	  communication,	  although	  it	  is	  not	  necessarily	  
comparable,	  as	  raised	  by	  Haans	  and	  Ijsselstein	  (2006)	  in	  their	  review	  of	  (computer-­‐)	  
mediated	  social	  touch.	  Touch	  has	  a	  particular	  role	  to	  play	  in	  nonverbal	  
communication	  -­‐	  due	  to	  its	  early	  development;	  it	  is	  the	  first	  sense	  for	  us	  to	  engage	  
with	  the	  world	  and	  the	  people	  around	  us.	  As	  discussed	  above,	  it	  therefore	  seems	  
crucial	  for	  a	  sense	  of	  authenticity,	  affirmation	  and	  emphasis.	  It	  is	  important	  for	  
establishing	  and	  maintaining	  relationships.	  Touch	  has	  been	  named	  as	  potentially	  
lacking	  in	  the	  expression	  of	  precise,	  logical	  content	  such	  as	  numbers,	  but	  maybe	  
performing	  better	  at	  the	  possibility	  for	  communicating	  affect	  and	  pleasure	  (Dobson	  
et	  al,	  2001).	  There	  may	  also	  be	  unexplored	  potential	  for	  a	  range	  of	  individual	  
expressions,	  and	  creating	  systems	  of	  personal,	  intimate	  communication.	  	  
This	  has	  been	  a	  brief	  overview	  of	  the	  potential	  benefits	  and	  uses	  of	  sense	  of	  touch	  in	  
Interface	  Design.	  The	  whole	  picture	  is	  extensive	  and	  many	  overlaps	  can	  be	  found	  
within	  the	  many	  reasons	  that	  have	  been	  listed	  in	  the	  last	  few	  years.	  The	  ones	  listed	  
above	  are	  particularly	  apparent,	  emerge	  as	  a	  commonality,	  and	  can	  also	  be	  
explained	  somewhat	  in	  light	  of	  the	  theoretical	  framework	  introduced	  earlier.	  	  
2.6 Multisensory	  Practice	  in	  Care	  Settings	  
A	  research	  strand	  particularly	  relevant	  for	  the	  development	  of	  MEDIATE	  	  (case	  study	  
of	  an	  interactive	  multisensory	  environment	  for	  children	  with	  autism,	  chapter	  3)	  is	  
the	  concept	  of	  multi-­‐sensory	  interaction	  techniques	  in	  care	  and	  educational	  settings,	  
with	  more	  or	  less	  usage	  of	  technology	  –	  in	  particular	  Multi-­‐sensory	  rooms	  and	  
concepts	  surrounding	  Snoezelen	  –	  and	  also	  the	  issue	  of	  sensory	  processing,	  
particularly	  in	  people	  on	  the	  autistic	  spectrum.	  For	  some	  time,	  there	  has	  been	  a	  
suspected	  link	  between	  autism	  and	  sensory	  processing	  disorders	  (Dunn,	  2001)	  (for	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an	  overview	  of	  research	  methods	  and	  a	  cognitive	  neuroscientific	  perspective	  on	  
multisensory	  integration	  see	  Iarocci	  &	  Mc	  Donald,	  2006),	  with	  some	  recent	  studies	  
focusing	  on	  sensory	  processing	  issues	  in	  children	  and	  adults	  and	  some	  suggesting	  
that	  examining	  this	  aspect	  may	  be	  a	  way	  to	  support	  diagnostic	  process	  (Baranek	  et	  
al,	  2006).	  Although	  sensory	  processing	  issues	  seem	  to	  become	  less	  from	  6	  to	  12	  
(Cheung	  &	  Siu,	  2009),	  they	  nevertheless	  still	  feature	  into	  adulthood	  (Crane	  et	  al,	  
2009),	  and	  can	  obviously	  have	  detrimental	  effects	  on	  associated	  development	  of	  
cognitive	  functioning.	  One	  study	  found	  about	  95%	  of	  the	  participating	  children	  on	  
the	  autistic	  spectrum	  to	  demonstrate	  some	  degree	  of	  sensory	  processing	  
dysfunction,	  with	  the	  greatest	  differences	  reported	  on	  the	  sections:	  
underresponsive/seeks	  sensation,	  auditory	  filtering	  and	  tactile	  sensitivity	  (Tomcheck	  
&	  Dunn,	  2007).	  
2.6.1 Multisensory	  Rooms	  
To	  define	  the	  terminology,	  Multi-­‐sensory	  rooms	  or	  multi-­‐sensory	  environments	  
(MSE)	  in	  this	  context	  do	  not	  refer	  to	  any	  environment	  providing	  multi-­‐sensory	  
stimulation	  (such	  as	  the	  forest	  or	  the	  beach),	  but	  to	  rooms	  or	  sections	  of	  rooms	  
specifically	  equipped	  to	  allow	  a	  controlled	  interaction	  with	  sensory	  stimuli.	  This	  
usually	  involves	  a	  selection	  of	  elements	  providing	  visual	  stimuli	  such	  as	  light,	  colour,	  
UV	  light,	  projections,	  illusions	  and	  other	  optical	  effects;	  aural	  stimuli	  such	  as	  
soothing	  music	  or	  instruments;	  olfactory	  stimuli	  in	  the	  form	  of	  aromatherapy	  
dispensers;	  tactile	  stimuli	  with	  different	  textures,	  shapes,	  vibration	  to	  explore	  and	  
also	  a	  general	  haptic	  and	  full-­‐body	  stimuli	  by	  soft	  cushions	  and	  furniture.	  Elements	  
often	  featured	  are	  also	  different	  types	  of	  switch	  system,	  with	  which	  the	  users	  can	  
operate	  some	  of	  the	  equipment	  themselves.	  
Several	  field	  visits	  to	  multisensory	  rooms	  in	  various	  care,	  health	  and	  educational	  
settings	  in	  Hampshire	  were	  carried	  out.	  To	  get	  an	  overview	  of	  the	  concerns	  of	  the	  
care	  work	  discipline,	  I	  attended	  the	  conference	  'Guiding	  the	  Senses'	  in	  Norwich	  in	  
2002,	  which	  was	  arranged	  by	  the	  Multisensory	  Environment	  Advisory	  Boards	  at	  the	  
time	  and	  mostly	  aimed	  at	  practitioners	  in	  care	  settings,	  and	  to	  inform	  of	  research	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and	  discuss	  possible	  types	  of	  practice.	  It	  was	  clear,	  as	  was	  raised	  by	  each	  speaker,	  
that	  the	  literature	  is	  lacking	  and	  research	  and	  the	  search	  for	  cases	  of	  good	  practice	  
were	  encouraged.	  In	  these	  settings,	  people	  are	  often	  referred	  to	  as	  clients	  or	  service	  
users,	  so	  in	  this	  section	  these	  terms	  will	  be	  used	  interchangeably	  with	  the	  term	  
'user'.	  Summing	  up	  these	  impressions,	  it	  could	  be	  said	  that	  the	  general	  aims	  for	  the	  
installation	  and	  use	  of	  a	  multi-­‐sensory	  environment	  (MSE)	  are	  mainly:	  therapy,	  
education	  and	  training,	  leisure	  and	  play,	  assessment,	  creative	  uses	  and	  art,	  as	  well	  as	  
research.	  	  MSEs	  can	  be	  found	  in	  schools,	  care	  homes,	  day	  care	  services,	  hospices,	  
research	  centres	  to	  list	  a	  few.	  The	  target	  audience	  includes	  a	  range	  of	  clients/users,	  
including	  people	  with	  sensory	  impairment,	  learning	  disabilities,	  ADHD	  (Attention	  
Deficit	  Hyperactive	  Disorder),	  autism,	  but	  also	  at	  the	  elderly	  and	  people	  with	  mental	  
health	  problems.	  
Multi-­‐sensory	  rooms	  in	  general	  tend	  to	  fall	  back	  on	  the	  convenience	  of	  hot	  media	  
(see	  McLuhan	  1994)	  in	  their	  interactive	  functioning	  as	  it	  demands	  higher-­‐level	  
programming	  to	  offer	  a	  more	  personalised	  response	  to	  engagement.	  Switches	  and	  
buttons,	  in	  widespread	  use	  in	  MSEs	  and	  also	  many	  interactive	  projects,	  pre-­‐
determine	  choice	  to	  a	  great	  degree.	  To	  counteract	  this,	  to	  increase	  the	  possible	  
repertoire	  of	  responses,	  the	  ‘button’	  needs	  to	  lose	  its	  boundaries	  and	  integrate	  into	  
the	  environment,	  which	  was	  a	  major	  driver	  for	  the	  design	  of	  MEDIATE,	  and	  the	  
avoidance	  of	  anything	  obviously	  ‘button-­‐like’.	  This	  then	  pushes	  the	  computational	  
demand	  in	  having	  to	  sense	  where	  and	  how	  the	  individual	  is	  choosing	  to	  interact	  and	  
more	  also	  how	  provide	  a	  suitable	  and	  timely	  response.	  Latency	  has	  to	  be	  as	  reduced	  
as	  possible	  in	  order	  to	  enable	  a	  felt	  sense	  of	  engagement	  and	  to	  get	  a	  sense	  of	  
‘pliability’,	  a	  tight	  coupling	  of	  cause	  and	  effect.	  
2.6.2 Snoezelen	  
Through	  a	  brief	  overview	  of	  the	  concepts	  applied	  in	  healthcare	  and	  educational	  
settings	  in	  terms	  of	  sensory	  stimulation,	  I	  would	  like	  to	  trace	  the	  origins	  of	  the	  term	  
'Snoezelen'	  in	  order	  to	  differentiate	  the	  different	  uses	  and	  purpose	  behind	  the	  
provision	  of	  artificial	  sensory	  environments.	  Again,	  this	  provision	  is	  a	  slightly	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separate	  issue	  from	  the	  general	  aim	  to	  provide	  sensory	  and	  sensual	  experiences,	  
such	  as	  visiting	  beaches	  and	  forests,	  something	  that	  can	  and	  should	  never	  be	  
replaced.	  The	  reasoning	  for	  researching	  and	  developing	  artificial	  sensory	  stimulation	  
will	  be	  explained	  further.	  	  
The	  term	  'Snoezelen'	  in	  the	  UK	  has	  become	  synonymous	  with	  all	  kinds	  of	  sensory	  
stimulation	  provision,	  and	  looking	  at	  the	  theoretical	  concepts	  behind	  this	  could	  help	  
clarify	  aims	  and	  purpose	  in	  different	  settings.	  Jan	  Hulsegge	  and	  Ad	  Verheul	  in	  
Holland	  developed	  the	  “Snoezelen”	  concept	  in	  the	  1970ies	  and	  the	  term	  is	  a	  
combination	  of	  the	  Dutch	  words	  "snuffelen"	  (to	  sniff,	  to	  snuffle)	  and	  "doezelen"	  (to	  
doze,	  to	  snooze)	  (Hulsegge	  &	  Verheul,	  1987).	  The	  idea	  was	  aimed	  at	  people	  with	  a	  
severe	  lack	  of	  mobility	  and	  the	  goal	  was	  to	  provide	  sensory	  stimulation	  and	  
relaxation	  for	  them,	  something	  that	  is	  often	  unattainable	  due	  to	  the	  physical	  
disability	  enforcing	  the	  constraints	  of	  the	  boundaries	  of	  the	  care	  setting,	  which	  can	  
be	  a	  sterile	  and	  soul-­‐less	  environment	  due	  to	  the	  need	  for	  easy	  maintenance.	  The	  
Snoezelen	  room	  as	  conceived	  of	  by	  Hulsegge	  and	  Verheul	  was	  an	  environment	  to	  
allow	  relaxation,	  nothing	  was	  asked	  of	  the	  participants	  but	  to	  have	  some	  time	  by	  
themselves	  without	  the	  everyday	  strain	  of	  living	  in	  an	  environment	  that	  they	  find	  
difficult	  to	  cope	  with.	  Diffused	  lighting,	  soft	  furnishings	  and	  soothing	  music	  all	  
provide	  an	  atmosphere	  of	  tranquility	  and	  immersion	  in	  a	  Snoezelen	  environment.	  
The	  potential	  to	  achieve	  therapeutic	  and	  pedagogic	  goals	  however,	  due	  to	  the	  high	  
motivation	  of	  clients	  to	  interact	  with	  the	  environment	  is	  evident	  and	  has	  been	  
tempting	  many	  people	  into	  evolving	  these	  spaces	  into	  something	  more	  inter-­‐active,	  
requiring	  active	  participation	  and	  fostering	  education.	  It	  is	  important	  to	  make	  the	  
distinction	  between	  different	  purposes	  and	  be	  clear	  which	  user	  group	  would	  benefit	  
from	  which	  concept	  and	  in	  which	  context	  -­‐	  something	  that	  clearly	  needs	  more	  
research.	  Two	  types	  of	  interaction	  emerge:	  	  
1.	  Active	  participation	  -­‐	  the	  client	  can	  touch,	  feel,	  smell,	  (for	  example	  carpet	  tiles)	  –	  
but	  doesn’t	  get	  a	  response	  from	  the	  environment.	  	  
2.	  Responsive	  environment	  –	  the	  client	  is	  invited	  to	  play	  with	  switches	  and	  set	  off	  
responses	  like	  light,	  sound	  and	  vibration.	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The	  latter	  idea	  is	  tremendously	  beneficial	  in	  settings	  where	  learning	  is	  to	  be	  
encouraged,	  however,	  to	  lose	  the	  former	  completely	  and	  to	  continuously	  focus	  on	  
performance	  and	  learning	  seems	  too	  directive.	  In	  conversations	  during	  visits	  to	  
multisensory	  rooms,	  care	  workers	  were	  often	  concerned	  with	  spaces,	  which	  were	  
designed	  purely	  for	  relaxation	  being	  in	  danger	  of	  becoming	  spaces	  to	  'park'	  service	  
users	  (e.g.	  in	  care	  homes),	  which	  is	  certainly	  a	  valid	  fear.	  However,	  it	  should	  also	  be	  
considered	  that	  in	  an	  environment	  that	  is	  constantly	  controlled	  and	  directed	  by	  
others,	  i.e.	  family	  members	  or	  care	  staff,	  it	  may	  be	  important	  to	  provide	  room	  to	  
breathe,	  and	  to	  just	  'be',	  and	  this	  may	  be	  more	  possible	  in	  a	  sensorially	  rich	  
environment	  which	  is	  separate	  from	  the	  often	  sterile	  and	  clinical	  atmosphere	  of	  care	  
settings.	  Additionally,	  the	  mere	  perception	  of	  stimuli	  in	  a	  MSE	  is	  an	  active	  process	  
and	  can	  lead	  to	  furthering	  of	  skills	  or	  enhancing	  life	  experience.	  
Clinical	  research	  as	  to	  the	  effects	  and	  benefits	  of	  Snoezelen	  and	  Multi-­‐sensory	  
Environments	  is	  being	  carried	  out	  to	  determine	  which	  client	  group	  would	  most	  
benefit	  from	  these	  kind	  of	  settings,	  and	  indeed	  what	  these	  benefits	  may	  be	  -­‐	  
indications	  of	  positive	  effects	  have	  been	  seen	  in	  people	  with	  dementia	  (Hope,	  1998;	  
Cox,	  Burns	  &	  Savage,	  2004)	  and	  people	  with	  learning	  difficulties	  or	  multiple	  
disabilities	  (Houghton	  et	  al,	  1998;	  Slevin	  &	  McLelland,	  1999),	  although	  the	  impact	  of	  
Multi-­‐sensory	  environments	  and	  Snoezelen	  is	  also	  widely	  disputed	  in	  scientific	  circles	  
(Hogg,	  Cavet,	  Lambe	  &	  Smeddle,	  2001;	  Mount	  &	  Cavet,	  2007).	  Largely,	  the	  
consensus	  is	  that	  the	  practice	  is	  not	  well	  researched	  and	  therefore	  definite	  
conclusions	  cannot	  be	  drawn.	  There	  are,	  then	  also	  questions	  around	  how	  to	  research	  
the	  ‘effectiveness’	  of	  a	  relaxing	  and	  fulfilling	  experience	  –	  so	  in	  this	  sense	  one	  has	  to	  
look	  carefully	  at	  the	  measures	  applied	  in	  each	  study,	  before	  coming	  away	  with	  a	  
negative	  view	  too	  early.	  In	  spite	  of	  the	  lack	  of	  systematic	  empirical	  research,	  the	  
installation	  of	  multisensory	  rooms	  throughout	  the	  UK	  is	  spreading	  and	  settings	  are	  
developing	  their	  own	  practice	  guidelines	  for	  using	  them,	  often	  utilizing	  largely	  
positive	  anecdotal	  evidence.	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2.6.3 Occupational	  Therapy	  
This	  is	  a	  multidisciplinary	  approach,	  in	  which	  purposeful	  and	  meaningful	  activity	  is	  
provided	  in	  order	  to	  promote	  therapeutic	  benefits	  and	  rehabilitation	  for	  a	  range	  of	  
user	  groups	  with	  physical	  or	  mental	  disabilities.	  This	  usually	  involves	  a	  highly	  
individual	  process	  with	  an	  Occupational	  Therapist	  and	  can	  centre	  on	  a	  range	  of	  
activities	  aimed	  at	  improving	  the	  quality	  of	  life,	  such	  as	  learning,	  practicing	  or	  re-­‐
learning	  basic	  life	  skills,	  motor	  skills	  to	  structuring	  time	  in	  a	  meaningful	  way.	  It	  can	  
also	  involve	  training	  to	  use	  assistive	  devices	  or	  creative	  activities	  (Mosey,	  1985)	  .The	  
component	  that	  makes	  this	  approach	  relevant	  is	  its	  widespread	  use	  in	  settings	  such	  
as	  multisensory	  environments,	  and	  mainly	  the	  idea	  that	  a	  person's	  level	  and	  type	  of	  
activity	  and	  their	  well-­‐being	  could	  be	  linked.	  Particularly	  relevant	  here	  is	  the	  idea	  of	  
performing	  motor	  activities	  to	  develop	  skills,	  provide	  purpose	  and	  increase	  
satisfaction	  levels.	  For	  a	  report	  on	  using	  an	  intensive	  Occupational	  Therapy	  approach	  
with	  people	  on	  the	  autistic	  spectrum,	  particularly	  the	  nonverbal	  person,	  see	  Shoener	  
(Shoener,	  Kinnealey	  &	  Koenig,	  2008).	  	  
2.6.4 Sensory	  Integration	  Therapy	  
Jean	  Ayres	  (1979),	  is	  mostly	  associated	  with	  this	  approach,	  where	  touch	  can	  be	  used	  
in	  specific	  therapeutic	  situations	  to	  stimulate	  children	  who	  seem	  ‘out	  of	  balance’,	  
due	  to	  developmental,	  neurological	  or	  social	  problems,	  showing	  itself	  in	  symptoms	  
like	  tactile	  defensiveness,	  dyspraxia,	  hyperactivity	  and	  short	  attention	  span.	  	  
Sensory	  Integration	  Therapy	  works	  on	  the	  hypothesis	  that	  children	  who	  display	  an	  
unbalanced	  sensory	  processing	  system	  (Sensory	  Integration	  Dysfunction	  or	  Sensory	  
Processing	  Disorder)	  will	  benefit	  from	  targeted	  provision	  of	  sensorially	  stimulating	  
activities.	  The	  idea	  here	  is	  to	  provide	  the	  child	  with	  sensory	  stimulation	  and	  nurture	  
the	  physical	  and	  emotional	  balance	  that	  the	  child	  seeks.	  The	  paradigm	  is	  that	  only	  
with	  all	  the	  senses	  integrating	  and	  developing	  in	  harmony	  will	  the	  child	  be	  able	  to	  
lead	  a	  fulfilled	  life	  and	  develop	  the	  ability	  to	  understand	  abstract	  concepts,	  in	  order	  
able	  to	  master	  skills	  like	  language	  and	  writing.	  The	  child	  is	  invited	  to	  explore	  their	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body	  and	  their	  environment	  through	  playful	  activity,	  often	  using	  particular	  props	  
that	  will	  provide	  sensory	  stimulation	  –	  such	  as	  deep	  firm	  pressure,	  using	  weights	  and	  
vehicles	  to	  explore	  trajectories	  of	  movement.	  The	  premise	  is	  not	  to	  force	  the	  child	  to	  
practice	  particular	  activities,	  which	  may	  be	  painful	  or	  uncomfortable,	  but	  to	  slowly	  
guide	  the	  child	  through	  a	  process	  of	  adaptation	  and	  self-­‐directed	  engagement	  to	  the	  
point	  where	  the	  sensory	  stimulus	  is	  becoming	  more	  easily	  integrated	  into	  the	  
sensory	  processing	  whole.	  Although	  based	  on	  the	  principles	  of	  Occupational	  
Therapy,	  this	  is	  mainly	  a	  practice	  without	  substantial	  literature	  foundations	  as	  to	  its	  
effectiveness.	  It	  has	  received	  particular	  interest	  in	  treating	  children	  with	  autism	  and	  
is	  being	  performed	  more	  widespread,	  with	  mainly	  anecdotal	  evidence	  supporting	  its	  
adaptation.	  As	  well	  as	  Jean	  Ayres,	  I	  have	  also	  drawn	  on	  Ulla	  Kiesling	  (2000),	  who	  
along	  with	  Inge	  Flehmig	  is	  credited	  with	  introducing	  Sensory	  Integration	  in	  Germany,	  
and	  insists	  particularly	  on	  the	  benefit	  of	  an	  intensive	  interaction	  with	  the	  child,	  in	  
entering	  a	  ‘dialogue’	  and	  letting	  the	  therapeutic	  situation	  be	  led	  by	  the	  child.	  	  
For	  a	  comprehensive	  overview	  of	  the	  sensory	  integration	  approach,	  including	  a	  
critical	  look	  at	  the	  clinical	  research,	  see	  Schaaf	  &	  Miller	  (Schaaf	  &	  Miller,	  2005),	  who	  
note	  the	  anecdotal	  success	  of	  these	  kinds	  of	  interventions,	  but	  clearly	  express	  the	  
need	  for	  more	  systematic	  evaluation	  –	  similarly	  to	  Hodgetts	  &	  Hodgetts	  (2007)	  who	  
call	  for	  more	  empirical	  evidence.	  	  
2.6.5 “Evaluating	  the	  Montessori	  method	  for	  a	  Digital	  Age”	  	  
Again,	  there	  has	  been	  a	  particular	  research	  trajectory,	  that	  lead	  me	  to	  the	  current	  
research	  interest	  for	  this	  thesis,	  and	  it	  is	  helpful	  to	  describe	  this	  as	  background	  work	  
that	  continued	  to	  inform	  my	  work.	  In	  the	  following,	  I	  would	  like	  to	  describe	  a	  
particular	  project	  that	  illustrates	  some	  of	  the	  issues	  of	  sensory	  interaction	  in	  more	  
depth.	  It	  also	  gives	  a	  deeper	  understanding	  of	  the	  Montessori	  approach	  to	  learning,	  
something	  that	  has	  been	  instrumental	  to	  my	  design	  intuitions	  and	  is	  conceptually	  
related	  to	  the	  Sensory	  Integration	  approach.	  
This	  project,	  created	  at	  the	  University	  of	  Portsmouth	  in	  2002	  as	  part	  of	  my	  studies	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for	  the	  MA	  European	  Media,	  was	  inspired	  by	  the	  Italian	  educationalist	  Maria	  
Montessori	  –	  she	  developed	  “sensorial	  materials”	  in	  order	  to	  aid	  and	  foster	  
development	  in	  young	  children	  (Montessori,	  1988).	  She	  is	  firmly	  positioned	  in	  an	  
embodied	  view	  of	  cognition	  and	  considered	  it	  necessary	  for	  human	  beings	  to	  receive	  
a	  certain	  set	  of	  sensory	  stimuli	  in	  order	  to	  build	  up	  a	  foundation	  of	  experience	  and	  
develop	  into	  balanced	  adults	  capable	  of	  higher	  level	  functioning	  such	  as	  abstract	  
thought.	  She	  had	  observed	  children	  and	  described	  periods	  or	  phases	  of	  sensitivity,	  in	  
which	  it	  seemed	  natural	  for	  children	  to	  learn	  in	  certain	  areas.	  	  
Montessori	  devised	  materials	  that	  would	  systematically	  provide	  all	  the	  sensory	  
experiences	  that	  would	  enable	  the	  child	  to	  later	  perform	  abstract	  thought	  tasks	  like	  
algebra,	  reading	  and	  writing.	  Certain	  rules	  apply	  to	  each	  material	  –	  for	  example,	  they	  
only	  ever	  provide	  one	  stimulus	  at	  the	  time,	  such	  as	  difference	  in	  colour	  or	  difference	  
in	  weight.	  One	  task	  may	  be	  involving	  10	  cylinders	  made	  out	  of	  the	  same	  material,	  
size	  and	  colour	  and	  only	  differing	  in	  weight.	  This	  makes	  it	  easier	  to	  categorize	  and	  
fully	  appreciate	  the	  objective	  of	  the	  material.	  These	  materials	  all	  had	  to	  have	  an	  
inbuilt	  error	  control,	  so	  the	  child	  could	  be	  left	  alone	  to	  work	  with	  them.	  If	  the	  child	  
makes	  a	  mistake,	  the	  materials,	  not	  an	  adult	  would	  signal	  that	  the	  activity	  was	  not	  
performed	  correctly.	  The	  active	  engagement	  with	  them	  offers	  intrinsic	  rewards,	  
which	  is	  why	  children	  will	  occupy	  themselves	  independently.	  	  






Fig	  17	   	  “Montessori	  sensorial	  screen”	  project	  	   Fig	  18	   Colour	  coded	  Soma	  cubes	  
	   	  
Fig	  19	   Touch	  maze	   Fig	  20	   Water	  levels	  rising	  
This	  concept	  of	  enactive	  knowledge	  was	  applied	  to	  Interface	  Design	  by	  supporting	  
screen	  designs	  with	  real	  life	  objects	  –	  to	  make	  the	  interaction	  not	  only	  more	  
pleasurable	  and	  interesting,	  but	  also	  to	  make	  it	  easier	  to	  grasp	  concepts	  introduced	  
on	  the	  screen	  by	  backing	  them	  up	  with	  an	  object	  that	  can	  be	  handled	  physically.	  An	  
onscreen	  puzzle	  was	  designed,	  a	  game	  combining	  physical	  and	  digital	  elements,	  also	  
drawing	  on	  Bateson's	  theory	  about	  learning	  types	  (Bateson,	  1987).	  The	  aim	  in	  the	  
game	  was	  to	  get	  to	  the	  next	  screen,	  but	  the	  button	  would	  only	  work	  if	  objects	  on	  the	  
screen	  were	  lined	  up	  in	  the	  right	  order.	  Most	  people	  order	  the	  elements	  on	  screen	  
by	  their	  colour	  shade	  –	  but	  in	  fact	  they	  have	  to	  be	  ordered	  by	  their	  ‘weight’.	  The	  
elements	  on	  screen	  are	  representations	  of	  the	  cubes	  in	  front	  of	  the	  screen.	  The	  user	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will	  not	  succeed	  unless	  he	  introduces	  the	  physical	  objects	  of	  cubes	  as	  a	  means	  to	  
differentiate	  and	  manipulate.	  By	  being	  handled,	  the	  cubes	  reveal	  a	  feature,	  which	  is	  
undetectable	  on	  screen:	  they	  have	  different	  weights.	  Several	  user	  tests	  with	  the	  
weighted	  cube	  have	  resulted	  in	  extreme	  surprise	  and	  an	  immediate	  understanding	  
that	  was	  not	  achieved	  by	  the	  visual	  representations	  alone.	  This	  also	  points	  to	  the	  fact	  
that	  certain	  sensorial	  impressions	  cannot	  be	  represented	  on	  screen	  and	  therefore	  
distinctions	  cannot	  be	  made	  that	  might	  be	  necessary	  to	  make	  a	  decision	  or	  
judgement.	  For	  the	  purpose	  of	  completeness,	  other	  stages	  of	  the	  interface	  will	  be	  
described	  (figure	  17-­‐20).	  The	  Soma	  cubes	  had	  to	  be	  put	  together	  to	  form	  a	  whole	  
cube.	  Several	  sides	  were	  colour	  coded	  to	  aid	  with	  the	  construction.	  One	  side	  would	  
reveal	  a	  code	  that	  had	  to	  be	  recreated	  on	  the	  screen	  in	  order	  to	  proceed.	  The	  touch	  
maze	  was	  hidden	  in	  a	  box.	  The	  hands	  had	  to	  explore	  and	  find	  the	  different	  textures	  
of	  the	  path.	  This	  path	  then	  had	  to	  be	  followed	  on	  the	  screen	  in	  order	  to	  get	  to	  the	  
‘goal’.	  Pebbles	  had	  to	  be	  dropped	  into	  a	  jar	  of	  water,	  until	  a	  certain	  level	  was	  
reached.	  A	  similar	  action	  had	  to	  be	  performed	  on	  screen	  simultaneously,	  mirroring	  
the	  amount	  of	  pebbles	  that	  were	  needed	  to	  raise	  the	  water.	  
The	  examples	  of	  interaction	  drawn	  forth	  by	  the	  above	  scenarios,	  although	  less	  
focussed	  on	  button	  activity,	  are	  eventually	  goal	  orientated	  and	  can	  frustrate	  the	  
user.	  As	  a	  designer	  I	  wished	  to	  investigate	  the	  potential	  for	  both	  engaging	  the	  user	  
not	  from	  the	  reward	  of	  decoding	  an	  encoded	  button,	  but	  activating	  response	  from	  
their	  embodied	  co-­‐ordination	  and	  experience	  motivation	  to	  continue	  interaction	  not	  
through	  goal	  achievement,	  but	  the	  pure	  play	  gained	  from	  the	  sequence	  of	  back	  and	  
forth	  sensory	  response.	  In	  short	  is	  it	  possible	  to	  create	  a	  Human	  Computer	  
Interaction,	  which	  develops	  a	  sensory	  conversation	  with	  the	  participating	  user	  and	  
would	  a	  balanced	  involvement	  of	  haptic	  dimensions	  encourage	  such	  conversation,	  
taking	  it	  beyond	  that	  usually	  supported	  by	  the	  audio-­‐visual	  dominant	  scenarios?	  
In	  the	  following	  chapter,	  a	  design	  case	  study	  will	  be	  described,	  as	  a	  way	  of	  
understanding	  touch	  in	  a	  multi-­‐sensory	  interactive	  environment	  –	  can	  this	  guide	  the	  
way	  forward	  as	  a	  practical	  piece	  of	  research	  which	  is	  put	  against	  philosophical	  
positions	  and	  move	  the	  embodiment	  perspective	  in	  interface	  design	  forward?	  
In	  the	  MEDIATE	  environment,	  it	  was	  of	  concern	  to	  investigate	  how	  touch	  might	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better	  attain	  a	  balance	  with	  the	  audio-­‐visual	  through	  this	  practice	  led	  research.	  An	  
opportunity	  presented	  itself	  to	  see	  how	  touch	  could	  co-­‐exist	  with	  equal	  relevance	  
and	  potential	  embodied	  engagement	  within	  this	  multi-­‐sensory/multi-­‐modal	  
environment.	  This	  could	  serve	  as	  an	  example	  of	  a	  new	  type	  of	  Interface	  design,	  
which	  emphasised	  the	  integration,	  or	  at	  least	  no	  pre-­‐judgement	  of	  sensory	  
preference	  of	  aptitude	  for	  one	  particular	  sense	  channel	  over	  another.	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3 INTERFACE DESIGN CASE STUDY: 
MEDIATE 
	  
Fig	  21	   The	  MEDIATE	  environment	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3.1 Chapter	  3	  (MEDIATE):	  Introduction	  
In	  this	  chapter,	  the	  project	  MEDIATE	  will	  be	  described,	  as	  an	  example	  for	  an	  
interactive,	  multisensory	  installation,	  and	  the	  relevant	  research	  and	  contributions	  for	  
this	  thesis	  will	  be	  highlighted.	  The	  project	  worked	  to	  bring	  out	  some	  of	  the	  
complexities	  and	  challenges	  of	  designing	  such	  a	  space,	  which	  works	  as	  a	  whole	  body	  
experience,	  yet	  is	  broken	  down	  behind	  the	  scenes	  into	  different	  sensory	  ‘channels’.	  
Particular	  contributions	  by	  the	  author	  were	  the	  interface	  areas	  involving	  the	  senses	  
of	  touch.	  The	  interaction	  design	  in	  MEDIATE	  is	  also	  of	  relevance,	  as	  it	  seeks	  to	  tie	  
together	  the	  sensory	  stimulation	  into	  a	  meaningful	  experience	  for	  the	  user	  group	  of	  
children	  with	  severe	  autism	  and	  low	  verbal	  skills.	  
As	  MEDIATE	  is	  a	  multisensory	  environment,	  there	  are	  many	  types	  of	  sensory	  
interaction	  to	  be	  described	  as	  relevant,	  however	  for	  the	  purpose	  of	  this	  thesis,	  
mainly	  full	  body	  and	  gestural	  interaction	  were	  reviewed	  in	  Chapter	  2.	  One	  could	  
argue	  that	  we	  are	  at	  all	  times	  performing	  multisensory	  interaction	  anyway,	  however	  
when	  discussing	  artificially	  created	  environments,	  one	  has	  to	  differentiate	  and	  be	  
able	  to	  examine	  components	  in	  detail.	  The	  benefit	  of	  creating	  artificial	  environments	  
is	  that	  they	  enable	  control	  over	  certain	  types	  of	  sensory	  stimulation	  -­‐	  this	  allows	  an	  
increased	  exposure	  to	  certain	  pleasurable	  and	  beneficial	  types	  of	  stimulation,	  and	  
first	  and	  foremost	  it	  allows	  the	  targeted	  research	  of	  specific	  stimuli	  through	  
monitoring	  behavioural	  responses	  during	  interaction.	  Whereas	  I	  proclaim	  a	  holistic	  
approach	  when	  researching	  human	  experience	  in	  general,	  this	  has	  to	  be	  treated	  
slightly	  differently	  in	  environments	  that	  are	  computer	  controlled	  and	  therefore	  
presently	  need	  to	  be	  broken	  down	  into	  separate	  channels	  in	  order	  to	  be	  able	  to	  be	  
engineered.	  	  	  
The	  MEDIATE	  team	  positioned	  the	  project	  mainly	  in	  the	  area	  of	  responsive	  
environments,	  which	  is	  originally	  an	  architectural	  term,	  referring	  to	  supplying	  the	  
built	  environment	  with	  digital	  networks	  in	  order	  to	  make	  them	  'responsive'.	  Virtual	  
Reality	  can	  be	  a	  broad	  term	  used	  particularly	  if	  one	  is	  concerned	  with	  the	  more	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technical	  side,	  like	  network	  engineering	  and	  sensory	  capturing	  systems.	  As	  a	  general	  
term,	  I	  prefer	  using	  'interactive	  installations'	  as	  it	  encompasses	  all	  layers	  and	  
components	  involved	  and	  brings	  the	  focus	  to	  the	  design	  of	  the	  interaction	  and	  the	  
user,	  as	  well	  as	  keeping	  the	  actual	  shape	  and	  form	  of	  the	  physical	  environment	  and	  
interface	  open.	  
Therefore,	  the	  definition	  of	  the	  term	  multi-­‐sensory	  environment	  for	  the	  purpose	  of	  
this	  thesis	  I	  that	  I	  worked	  with:	  an	  environment	  with	  controllable	  conditions	  where	  
selective	  and	  deliberate	  sensory	  input	  can	  be	  provided	  and	  received	  either	  actively	  
or	  passively,	  often	  with	  the	  help	  of	  technology.	  	  
3.1.1 MEDIATE	  overview	  
MEDIATE	  is	  a	  responsive	  environment	  designed	  for	  children	  with	  autism.	  Through	  
various	  sensory	  interfaces,	  integrated	  into	  a	  whole	  space,	  and	  an	  intelligent	  system,	  
it	  was	  an	  integrated	  holistic	  spatial	  experience,	  which	  allowed	  for	  fluid	  and	  emergent	  
interaction.	  The	  space	  was	  welcoming	  and	  accessible,	  furnished	  with	  various	  
textures	  and	  equipped	  with	  fairly	  low	  and	  warm	  lighting	  emanating	  from	  the	  two	  
‘screens’	  (two	  of	  the	  six	  walls	  were	  flooded	  with	  back	  projection).	  	  There	  was	  no	  
obvious	  agenda	  to	  follow	  in	  MEDIATE,	  the	  interaction	  was	  designed	  to	  be	  a	  dialogue	  
between	  the	  user	  entering	  the	  space	  and	  the	  system.	  The	  interaction	  design	  avoided	  
as	  much	  as	  possible	  relying	  on	  predetermined	  button-­‐press	  sequences,	  or	  any	  sense	  
of	  achieving	  tasks	  or	  goals.	  The	  dynamics	  and	  expression	  of	  the	  individual	  was	  given	  
as	  much	  onus	  as	  possible,	  for	  example	  by	  insisting	  on	  analogue	  sound	  feedback,	  
rather	  than	  triggered	  samples,	  wherever	  possible.	  An	  engagement	  and	  exploration	  
of	  the	  space,	  driven	  by	  the	  user,	  was	  to	  be	  the	  intrinsic	  reward,	  with	  the	  possibility	  of	  
the	  system	  reacting	  to	  inbuilt	  pattern	  detection	  by	  letting	  responses	  and	  dialogue	  
become	  more	  complex	  and	  abstract.	  
MEDIATE	  is	  an	  acronym	  for	  a	  Multi-­‐sensory	  Environment	  Design	  for	  an	  Interface	  
between	  Autistic	  and	  Typical	  Expressiveness.	  In	  other	  words,	  it	  was	  devised	  as	  a	  
platform	  for	  sensory	  expression	  and	  communication	  between	  children	  with	  autism	  
and	  the	  environment	  (dialogue),	  and	  ultimately	  between	  children	  with	  autism	  and	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their	  carers.	  The	  user	  group	  was	  going	  to	  be	  any	  child	  on	  the	  autistic	  spectrum,	  but	  
particularly	  those	  with	  severe	  autism,	  so	  called	  'low-­‐functioning',	  with	  limited	  or	  
non-­‐existent	  verbal	  communication	  skills.	  The	  environment	  was	  to	  provide	  a	  safe	  
place	  to	  explore	  sensory	  responses	  and	  preferences,	  and	  to	  increase	  the	  repertoire	  
of	  behaviour	  and	  expressiveness	  of	  the	  user.	  As	  it	  was	  designed	  to	  be	  for	  one	  user	  at	  
a	  time	  and	  contained	  no	  references	  to	  any	  particular	  social	  situation,	  it	  was	  hoped	  
that	  the	  child	  with	  autism	  would	  attain	  a	  sense	  of	  agency	  by	  being	  completely	  in	  
control	  of	  the	  space	  while	  they	  were	  in	  it.	  The	  design	  team,	  through	  consultation	  
with	  the	  expert	  Psychology	  team,	  had	  assumed	  that	  the	  provision	  of	  bodily	  feedback	  
could	  be	  understood	  and	  enjoyed	  by	  these	  children.	  
MEDIATE	  is	  multi-­‐sensory	  in	  the	  sense	  that	  it	  integrates	  vision,	  sound	  and	  touch	  via	  
an	  input	  and	  output	  system	  through	  capture	  of	  sensory	  data	  and	  providing	  a	  
computer	  mediated	  response	  via	  each	  sensory	  modality.	  The	  user	  creates	  feedback	  
by	  movement,	  touch	  and	  making	  sounds.	  Carers	  or	  parents	  are	  not	  encouraged	  to	  
facilitate	  or	  prompt	  interaction,	  although	  observation	  is	  recommended	  as	  part	  of	  the	  
process	  to	  forge	  an	  understanding	  of	  the	  autism	  perspective.	  The	  interaction	  
consists	  of	  a	  dialogue	  between	  the	  child	  and	  the	  environment	  -­‐	  when	  a	  child	  first	  
enters	  the	  space,	  his/her	  body	  creates	  feedback	  that	  is	  directly	  related	  to	  the	  
responses	  one	  would	  find	  in	  the	  physical	  world.	  This	  is	  to	  help	  the	  child	  find	  
confidence	  in	  their	  explorations	  and	  to	  become	  aware	  that	  their	  actions	  and	  their	  
bodies	  are	  having	  a	  direct	  effect.	  Once	  they	  have	  investigated	  a	  certain	  area,	  the	  
feedback	  will	  become	  less	  direct	  and	  more	  abstract.	  This	  is	  to	  encourage	  creative	  
exploration,	  while	  still	  maintaining	  a	  clear	  cause-­‐and-­‐effect	  relationship.	  	  
MEDIATE	  was	  exhibited	  and	  evaluated	  in	  several	  locations	  in	  Europe,	  including	  the	  
Netherlands,	  Spain	  and	  the	  UK.	  It	  resided	  for	  a	  further	  few	  months	  in	  an	  adapted	  
shape	  in	  the	  University	  of	  Portsmouth	  and	  attracted	  an	  external	  contract	  with	  a	  
purpose	  built	  school	  for	  children	  with	  autism,	  which	  included	  further	  development	  
and	  re-­‐design	  of	  the	  system	  in	  order	  to	  make	  the	  prototype	  into	  an	  environment	  
that	  could	  be	  used	  as	  a	  standalone,	  operated	  by	  care	  and	  educational	  staff.	  
Unfortunately,	  this	  contract	  was	  dissolved	  due	  to	  circumstances	  between	  the	  client	  




Fig	  22	   Diagram	  of	  the	  MEDIATE	  space	  
3.1.2 Physical	  structure	  and	  experience	  	  
The	  MEDIATE	  environment	  is	  a	  space	  with	  six	  walls,	  two	  of	  which	  are	  back-­‐projected	  
screens.	  On	  entering,	  we	  immediately	  see	  the	  two	  screens	  come	  to	  life,	  detecting	  
our	  presence	  by	  displaying	  a	  crude	  outline	  of	  our	  silhouette.	  We	  also	  notice	  the	  
floor,	  which	  amplifies	  our	  footsteps	  with	  a	  crunchy	  sound	  feedback.	  To	  the	  right	  we	  
find	  the	  “Tune	  Fork”	  mounted	  on	  the	  wall.	  This	  is	  a	  branched	  bas-­‐relief	  structure	  
covered	  in	  different	  textures.	  It	  is	  in	  the	  shape	  of	  a	  tuning	  fork	  to	  motivate	  users	  to	  
run	  their	  hands	  along	  it,	  to	  physically	  have	  to	  stretch	  to	  reach	  the	  upper	  parts	  as	  well	  
as	  providing	  smaller	  users	  access	  via	  the	  lower	  part.	  It	  reacts	  to	  our	  touch	  by	  sound	  
feedback	  generated	  from	  microphones	  behind	  the	  textures.	  Between	  the	  two	  
screens	  is	  the	  “Impression	  Wall”	  which	  consists	  of	  three	  cushioned	  shapes	  that	  allow	  
the	  whole	  body	  to	  lean	  against	  and	  between.	  The	  shapes	  are	  foam-­‐padded	  and	  
provide	  vibratory	  feedback.	  Both	  “Tune	  Fork	  and	  “Impression	  Wall”	  are	  designed	  to	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be	  inviting	  to	  touch	  and	  explore.	  Microphone	  coverage	  can	  detect	  audio	  input	  such	  
as	  singing	  or	  clapping	  and	  the	  space	  reacts	  by	  echoing.	  
3.1.3 Project	  team	  
It	  was	  coordinated	  and	  led	  by	  the	  University	  of	  Portsmouth	  -­‐	  this	  meant	  not	  only	  the	  
financial	  and	  organisational	  control,	  but	  also	  a	  design	  lead	  in	  terms	  of	  the	  overall	  
environment	  and	  interaction,	  and	  the	  idea	  was	  conceived	  by	  Dr.	  Paul	  Newland,	  Dr.	  
Chris	  Creed	  and	  Ron	  Geesin,	  employees	  of	  the	  University	  of	  Portsmouth	  at	  the	  time.	  
The	  special	  design	  and	  production	  capabilities	  locally	  present	  were	  varied,	  but	  a	  
focus	  was	  chosen	  in	  audio	  and	  vibration.	  Partner	  design	  teams	  were	  The	  Universitat	  
Pompeu	  Fabra	  in	  Spain	  and	  The	  Hogeschool	  voor	  de	  Kunsten	  (HKU)	  in	  The	  
Netherlands,	  which	  were	  selected	  for	  different	  sets	  of	  expertise	  they	  could	  offer	  the	  
project,	  in	  combination	  with	  the	  team	  at	  Portsmouth.	  Based	  on	  an	  interest	  in	  more	  
general	  design	  issues	  and	  interaction	  design,	  additionally	  these	  were	  research	  in	  
visual	  tracking	  at	  Pompeu	  Fabra	  under	  Narcis	  Pares,	  and	  research	  in	  sonic	  interaction	  
design	  and	  pattern	  detection	  at	  HKU	  under	  Gerard	  van	  Wolferen	  and	  Hans	  
Timmermans.	  All	  design	  teams	  had	  a	  common	  interest	  in	  interactive	  installation	  and	  
responsive	  environment	  design,	  and	  the	  specific	  types	  of	  expertise	  in	  different	  
sensory	  interaction	  modalities	  were	  to	  be	  beneficial	  to	  create	  a	  comprehensive	  
multi-­‐sensory	  environment.	  To	  maximise	  focus	  and	  use	  each	  teams'	  expertise	  to	  full	  
potential,	  the	  responsibilities	  were	  designated	  as	  such	  that	  Pares'	  team	  created	  the	  
visual	  interface,	  looking	  after	  the	  visual	  tracking	  system	  as	  well	  as	  designing	  screen	  
responses.	  Wolferen	  and	  Timmermans'	  team	  developed	  the	  sound	  interface,	  
designing	  all	  the	  aural	  responses	  in	  the	  environment.	  They	  are	  also	  responsible	  for	  
the	  “Signature	  analyzer”,	  the	  real	  time	  pattern	  detection	  software.	  Newland,	  Creed,	  
Geesin's	  team,	  which	  I	  was	  part	  of,	  developed	  the	  vibration	  and	  tactile	  interfaces.	  
Simon	  Kunath,	  mainly	  responsible	  for	  technical	  aspects	  of	  the	  vibration	  interface,	  
later	  substituted	  Geesin’s	  role	  when	  he	  left	  the	  project.	  Another	  partner	  team	  
important	  to	  the	  development	  of	  the	  design	  brief	  was	  the	  Psychology	  team	  at	  Kings	  
College	  London,	  UK	  in	  association	  with	  Goldsmiths	  College,	  who	  offered	  an	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invaluable	  expert	  insight	  into	  the	  specific	  needs	  of	  the	  user	  group	  of	  children	  with	  
severe	  autism.	  Francesca	  Happé	  and	  Pamela	  Heaton	  are	  widely	  published	  authors	  on	  
the	  subject	  of	  autism	  and	  particularly	  the	  theory	  of	  mind.	  They	  also	  developed	  and	  
saw	  through	  a	  pilot	  user	  study	  of	  the	  MEDIATE	  environment,	  conducted	  in	  the	  three	  
different	  European	  countries	  MEDIATE	  has	  been	  displayed	  (UK,	  the	  Netherlands	  and	  
Spain).	  Show	  Connections	  Ltd	  from	  the	  UK	  were	  consultants	  in	  producing	  the	  physical	  
structure	  to	  hold	  and	  support	  the	  digital	  interaction	  processes,	  as	  well	  as	  actually	  
carrying	  out	  most	  of	  the	  production	  of	  the	  bespoke	  elements	  of	  the	  environment.	  	  
3.2 MEDIATE	  Design:	  Research	  &	  Development	  	  
In	  the	  next	  section,	  MEDIATE’s	  interaction	  design	  and	  tactile	  interface	  design	  will	  be	  
described.	  The	  research	  and	  production	  of	  MEDIATE	  was	  a	  team	  effort,	  with	  my	  
responsibility	  lying	  specifically	  in	  the	  interaction	  design	  and	  the	  development	  of	  
tactile	  interfaces.	  All	  interfaces	  had	  to	  integrate	  into	  an	  engaging	  whole,	  which	  gave	  
restrictions	  and	  motivation	  to	  the	  particular	  designs	  executed.	  For	  example,	  the	  first	  
and	  foremost	  design	  rationale	  had	  to	  be	  tightly	  coupled	  to	  the	  background	  
information	  and	  specific	  constraints	  that	  was	  given	  about	  the	  primary	  user	  group,	  
children	  with	  severe	  autism,	  by	  the	  Psychology	  team.	  	  
3.2.1 Autism	  and	  Technology	  
As	  part	  of	  the	  research	  for	  MEDIATE,	  it	  was	  necessary	  to	  review	  some	  of	  the	  relevant	  
research	  projects	  employing	  technology	  specifically	  to	  aid	  users	  on	  the	  autistic	  
spectrum.	  Dorothy	  Strickland	  has	  been	  involved	  with	  and	  written	  about	  the	  use	  of	  
Virtual	  Reality	  (interactive	  projects)	  for	  children	  with	  autism	  (Strickland,	  1997).	  These	  
projects	  are	  mostly	  devised	  to	  simulate	  situations	  in	  which	  children	  on	  the	  autistic	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spectrum	  can	  safely	  learn	  skills	  that	  may	  help	  them	  cope	  better	  in	  their	  everyday	  
lives,	  from	  using	  money	  to	  practicing	  social	  interaction.	  While	  undoubtedly	  
worthwhile	  efforts,	  in	  terms	  of	  inspiration	  for	  MEDIATE	  these	  were	  not	  considered	  
useful,	  as	  their	  aims	  of	  skill	  training	  did	  not	  correspond	  with	  the	  aims	  of	  MEDIATE.	  
The	  MEDIATE	  environment	  was	  to	  be	  an	  environment	  allowing	  the	  child	  with	  autism	  
a	  space	  to	  be	  in	  control,	  a	  space	  free	  of	  social	  constraints	  and	  demands.	  Through	  
playful	  and	  creative	  expression,	  it	  was	  hoped	  that	  the	  child	  would	  gain	  a	  sense	  of	  
agency,	  which	  would	  then	  hopefully	  have	  benefits,	  maybe	  even	  therapeutic	  ones,	  on	  
their	  lives.	  It	  has	  to	  be	  noted	  though	  that	  the	  MEDIATE	  team,	  through	  discussion,	  
unanimously	  represented	  the	  view	  that	  MEDIATE	  was	  not	  a	  skill	  training	  
environment	  or	  a	  therapy	  tool	  in	  the	  first	  instance.	  
The	  most	  promising	  area	  of	  using	  technology	  with	  people	  on	  the	  autistic	  spectrum	  
seems	  to	  be	  research	  centered	  on	  the	  use	  of	  robots	  (Dautenhahn	  &	  Werry,	  2004;	  
Kozima,	  Nakagawa	  &	  Yasuda,	  2005).	  Children	  with	  autism	  display	  a	  fascinating	  array	  
of	  interactions	  with	  mechanical	  creatures	  that	  they	  seem	  incapable	  of	  with	  humans.	  
The	  success	  of	  the	  use	  of	  robots	  with	  autistic	  children	  is	  likely	  in	  their	  negating	  the	  
need	  to	  process	  the	  usual	  human-­‐to-­‐human	  social	  skills	  to	  gain	  a	  response.	  In	  
interacting	  with	  the	  robots,	  the	  children	  do	  react	  socially	  when	  finding	  something	  
that	  seems	  to	  have	  a	  mind	  of	  its	  own,	  but	  reacts	  to	  them	  instantly	  and	  
uncomplicatedly.	  This	  is	  related	  to	  the	  MEDIATE	  project	  in	  that	  the	  purpose	  of	  this	  
environment	  design	  was	  to	  allow	  the	  autistic	  user	  to	  engage	  in	  a	  ‘dialogue’	  with	  the	  
computer	  system.	  	  
3.2.2 Design	  Rationale	  
3.2.2.1 Designing	  for	  Hypo-­‐	  and	  Hypersensitivities:	  Dimmable	  Features	  
The	  hypo-­‐	  and	  hypersensitivities	  often	  encountered	  in	  autism	  received	  a	  lot	  of	  
design	  consideration,	  and	  it	  was	  decided	  that	  to	  design	  potentially	  discomforting	  
elements	  completely	  'in'	  or	  completely	  'out'	  was	  impossible.	  The	  highly	  individual	  
sensitivities	  and	  idiosyncrasies	  for	  each	  child	  with	  autism	  vary	  so	  widely,	  that	  it	  is	  
impossible	  to	  eliminate	  say	  a	  particular	  colour,	  as	  another	  child	  may	  find	  this	  one	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very	  comforting.	  It	  is	  too	  simplistic	  to	  try	  and	  create	  a	  palette	  of	  disliked	  colours	  in	  
autism.	  The	  system	  therefore	  had	  to	  be	  flexible	  and	  allow	  for	  a	  'dimming'	  of	  the	  
sensory	  stimulation	  at	  every	  stage	  of	  the	  interaction.	  This	  proves	  particularly	  difficult	  
when	  designing	  for	  the	  sense	  of	  touch,	  as	  a	  physical	  object	  is	  impossible	  to	  dim	  
down,	  in	  comparison	  to	  a	  visual	  projection	  or	  an	  audio	  output.	  Some	  ideas	  were	  
developed,	  such	  as	  a	  large-­‐scale	  pin-­‐matrix,	  which	  could	  envelop	  the	  user	  with	  a	  
wall-­‐sized	  haptic	  display	  capable	  of	  changing	  shape.	  In	  the	  event	  of	  discomfort,	  this	  
could	  then	  go	  back	  to	  being	  completely	  flat.	  With	  a	  greater	  focus	  on	  tactile	  
engineering,	  this	  may	  have	  been	  possible,	  but	  as	  part	  of	  a	  multisensory	  environment	  
such	  a	  solution	  would	  have	  been	  too	  costly	  and	  complex	  to	  produce.	  Therefore,	  the	  
tactile	  elements	  were	  kept	  to	  a	  minimum,	  and	  where	  possible,	  vibrotactile	  feedback	  
was	  integrated.	  As	  this	  is	  based	  on	  audio	  signals,	  it	  can	  behave	  in	  the	  same	  was	  as	  
audio	  feedback	  and	  would	  therefore	  be	  'dimmable'.	  Also,	  the	  potential	  of	  
vibrotactile	  feedback	  as	  a	  communicative	  medium	  is	  a	  promising	  research	  area,	  and	  
it	  was	  hoped	  this	  could	  serve	  as	  a	  test	  bed	  for	  meaningful	  patterns.	  
3.2.2.2 Integrating	  Tactility	  –	  Keeping	  It	  Organic	  
A	  compromise	  was	  reached	  in	  terms	  of	  the	  Tune	  Fork,	  where	  actual	  physical	  textures	  
were	  incorporated.	  These	  are	  not	  dimmable	  and	  in	  the	  eventual	  scenario	  of	  
everyday	  use	  would	  cause	  a	  problem	  in	  the	  event	  of	  soiling	  of	  continued	  wear	  and	  
tear.	  However,	  many	  multisensory	  rooms	  being	  built	  in	  care	  institutions	  and	  schools	  
around	  the	  country	  have	  to	  abide	  by	  Health	  &	  Safety	  regulations,	  resorting	  back	  to	  
plain	  PVC	  and	  resulting	  in	  a	  rather	  clinical	  atmosphere.	  Exploring	  the	  sense	  of	  touch	  
in	  this	  prototype	  environment,	  the	  designs	  had	  to	  go	  further	  in	  incorporating	  
differing	  and	  variety	  of	  textures,	  which	  allows	  the	  more	  subtle	  and	  evocative	  
characteristics	  of	  tactile	  materials	  to	  emerge.	  	  Although	  the	  production	  team	  did	  
suggest	  several	  completely	  synthetic	  solutions,	  some	  'posing'	  as	  organic	  materials	  
such	  as	  bark,	  as	  a	  designer	  I	  had	  to	  insist	  on	  the	  use	  of	  real,	  organic	  materials.	  This	  
compromise	  between	  the	  allure	  of	  natural,	  organic	  characteristics	  and	  the	  problem	  
of	  maintenance	  is	  still	  a	  difficult	  one.	  For	  a	  recent	  further	  development,	  a	  conversion	  
of	  the	  MEDIATE	  design	  for	  production	  in	  a	  real	  school	  environment	  with	  access	  at	  all	  
times,	  the	  possibility	  of	  flocked	  surfaces	  seemed	  the	  most	  promising.	  This	  material	  is	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nice	  to	  the	  touch,	  not	  too	  costly	  to	  acquire,	  while	  easy	  to	  maintain.	  
In	  adding	  different	  textures	  in	  the	  Mediate	  environment	  an	  evocative	  and	  affective	  
atmosphere	  was	  created.	  The	  space	  was	  inspired	  by	  organic	  and	  natural	  shapes	  
rather	  than	  becoming	  a	  sterile	  techno-­‐den.	  The	  added	  tactile	  experiences	  invite	  
interaction	  and	  add	  stimulation	  to	  the	  hands	  or	  the	  body	  under	  the	  control	  of	  the	  
user.	  Particle	  based	  and	  fluid	  substances	  had	  been	  considered	  which	  are	  non-­‐
restrictive	  yet	  slightly	  guiding	  to	  the	  user’s	  interaction,	  however	  the	  engineering	  
effort	  in	  realising	  these	  ideas	  was	  considered	  too	  great	  in	  relation	  to	  the	  whole	  
environment.	  Differing-­‐textured	  permanent	  surfaces	  would	  add	  distracting	  visual	  
stimuli,	  therefore	  these	  were	  carefully	  considered	  and	  kept	  to	  a	  minimum.	  If	  used	  
sparingly	  and	  effectively,	  a	  change	  in	  a	  surface	  can	  be	  used	  to	  flag	  up	  the	  places	  
where	  interaction	  is	  possible.	  
3.2.2.3 Non-­‐invasive	  Capturing	  Mechanism	  
Important	  for	  the	  technical	  development	  of	  MEDIATE	  was	  the	  decision	  that	  non-­‐
invasive	  sensory	  capturing	  techniques	  were	  to	  be	  used.	  This	  made	  the	  visual	  capture	  
in	  particular	  more	  complex,	  but	  was	  considered	  by	  the	  team	  as	  essential	  to	  
accommodate	  the	  chosen	  user	  group	  and	  allow	  as	  much	  comfort	  and	  freedom	  as	  
possible.	  Given	  the	  probability	  of	  children	  with	  autism	  to	  fixate,	  it	  was	  likely	  that	  any	  
body	  wear	  that	  would	  enable	  visual	  tracking	  more	  easily	  would	  probably	  be	  too	  
distracting	  and	  either	  be	  dismantled	  or	  otherwise	  taken	  off	  by	  the	  user.	  
3.2.2.4 Designing	  for	  Interaction	  and	  Novelty	  
The	  design	  of	  the	  user	  experience,	  the	  design	  of	  possible	  interactions	  within	  the	  
MEDIATE	  environment	  was	  obviously	  the	  driver	  for	  the	  design	  of	  all	  interfaces.	  It	  was	  
informed	  by	  the	  expertise	  in	  autism	  of	  the	  Psychology	  team	  from	  Kings	  College	  
London	  (Francesca	  Happé	  and	  Pam	  Heaton),	  discussed	  by	  the	  whole	  consortium	  and	  
then	  put	  into	  place	  by	  Paul	  Masri,	  who	  programmed	  the	  ‘brain’	  of	  the	  environment,	  
the	  so	  called	  ‘Decision	  Maker’.	  This	  piece	  of	  software	  allowed	  captured	  data	  to	  be	  
received	  and	  processed	  into	  computer	  mediated	  responses	  via	  the	  speakers,	  
vibrators	  and	  projectors.	  Several	  rules	  had	  to	  be	  established	  in	  order	  to	  design	  the	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program,	  as	  this	  approach	  was	  rule-­‐based.	  There	  also	  had	  to	  be	  consideration	  of	  how	  
to	  integrate	  the	  pattern	  detection	  software,	  which	  was	  designed	  by	  the	  team	  in	  
Holland,	  as	  to	  how	  to	  make	  sense	  of	  the	  patterns	  of	  behaviour	  being	  detected.	  
Questions	  arise	  about	  how	  to	  derive	  meaning	  from	  a	  pattern	  that	  has	  been	  detected	  
by	  a	  machine	  –	  i.e.	  when	  is	  a	  pattern	  a	  pattern?	  A	  moving	  leg	  can	  represent	  a	  
pattern,	  but	  is	  a	  walking	  person	  necessarily	  a	  meaningful	  pattern	  to	  pick	  up	  on	  when	  
designing	  an	  interaction	  that	  is	  supposed	  to	  respond	  to	  individual	  idiosyncrasies?	  	  
Within	  the	  team	  at	  Portsmouth,	  Dr.	  Creed,	  Dr.	  Newland	  and	  myself	  were	  involved	  in	  
developing	  a	  rule	  base	  from	  which	  a	  robust	  design	  could	  be	  set	  in	  place,	  which	  was	  
to	  be	  fine-­‐tuned	  in	  the	  user-­‐testing	  phase.	  The	  most	  important	  trait	  to	  detect	  in	  
terms	  of	  the	  user-­‐centred	  design	  rationale	  was	  repetition.	  A	  display	  of	  repetition	  
within	  the	  user	  group	  on	  the	  autistic	  spectrum	  was	  considered	  to	  be	  more	  than	  likely	  
a	  phase	  of	  fixation	  on	  something,	  or	  a	  sign	  of	  discomfort,	  and	  therefore	  undesirable.	  
People	  with	  autism	  often	  display	  repetitive	  behaviour	  such	  as	  flapping	  or	  clapping	  of	  
hands	  or	  get	  into	  a	  ‘loop’	  of	  performing	  the	  same	  action	  over	  and	  over	  again.	  The	  
system	  was	  meant	  to	  stimulate	  a	  dialogue	  between	  the	  user	  with	  autism	  and	  the	  
MEDIATE	  environment,	  and	  to	  encourage	  novel,	  creative	  and	  expressive	  behaviour.	  	  
Therefore,	  repetition	  was	  grouped	  into	  two	  categories:	  ‘small-­‐chunk’	  repetition,	  
when	  small	  movements	  (such	  as	  hand	  flapping)	  are	  displayed	  over	  and	  over	  again,	  
this	  would	  have	  to	  cause	  the	  environment	  to	  dim	  down	  because	  this	  was	  most	  likely	  
a	  sign	  of	  discomfort,	  and	  the	  amount	  of	  sensory	  input	  had	  to	  be	  reduced.	  The	  other	  
category	  was	  ‘large-­‐chunk’	  repetition,	  where	  the	  user	  may	  be	  engaging	  and	  moving	  
around	  in	  the	  environment,	  but	  is	  getting	  into	  a	  loop	  of	  doing	  the	  same	  thing	  
repetitively.	  This	  would	  release	  a	  ‘teaser’,	  a	  response	  from	  a	  different	  sensory	  
modality	  to	  try	  to	  create	  interest	  elsewhere.	  
It	  has	  to	  be	  noted	  that	  I	  am	  merely	  writing	  up	  the	  interaction	  design	  as	  it	  was	  
intended,	  and	  not	  describing	  or	  evaluating	  the	  technical	  aspects	  of	  putting	  this	  in	  
place.	  The	  evaluation	  of	  MEDIATE	  in	  that	  sense	  is	  difficult,	  as	  the	  complexity	  of	  
creating	  a	  prototype	  with	  design	  teams	  from	  different	  countries	  meant	  that	  the	  
resulting	  system	  consisted	  of	  a	  large	  amount	  of	  computers	  with	  different	  operating	  
systems,	  which	  created	  substantial	  amount	  of	  complications	  in	  trying	  to	  get	  the	  
processors	  to	  communicate	  and	  create	  a	  robust	  system.	  As	  it	  was,	  a	  lot	  of	  the	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interaction	  design	  rationale	  had	  to	  be	  reduced	  into	  what	  could	  be	  done	  without	  
causing	  persistent	  system	  failures,	  and	  to	  provide	  a	  satisfying	  user	  experience	  and	  
test	  MEDIATE	  as	  a	  whole.	  For	  more	  detail	  on	  the	  technical	  aspects	  and	  interaction	  
models	  of	  MEDIATE,	  see	  (Pares	  et	  al,	  2005a;	  Pares	  et	  al,	  2005b;	  Timmermans	  et	  al,	  
2004;	  Newland	  &	  Creed,	  2003)	  and	  an	  evaluation	  of	  the	  potential	  of	  encouraging	  
creativity	  in	  children	  with	  autism	  through	  MEDIATE	  (Pares	  et	  al,	  2005c)	  
3.2.2.5 Sense	  of	  Agency	  
The	  multi-­‐sensory	  technology	  and	  the	  fact	  that	  a	  whole	  environment	  was	  to	  be	  
designed	  meant	  that	  an	  embodied	  interaction	  approach	  was	  paramount.	  Not	  just	  3	  
different	  sensory	  modalities	  were	  to	  be	  served	  by	  the	  specially	  designed	  interfaces,	  
also	  the	  shape	  of	  the	  space	  meant	  that	  a	  whole	  range	  of	  bodily	  motion	  and	  
experience	  was	  possible	  and	  encouraged.	  	  
	  
Fig	  23	   Interaction	  with	  the	  Screens	  in	  MEDIATE	  
The	  two	  large	  screens,	  basically	  making	  up	  two	  walls	  of	  the	  environment	  were	  fairly	  
dominant,	  but	  this	  meant	  that	  the	  user	  was	  enveloped	  by	  the	  amplification	  and	  
crude	  mirroring	  of	  their	  own	  silhouette.	  This	  was	  a	  powerful	  element	  in	  the	  
development	  of	  a	  sense	  of	  agency,	  and	  the	  detection	  of	  cause	  and	  effect	  –	  the	  fact	  
that,	  on	  entering	  the	  environment,	  it	  was	  obvious	  the	  user	  had	  just	  had	  an	  effect	  on	  
the	  environment.	  It	  was	  powerful,	  pliable,	  intuitive	  and	  immediate	  –	  no	  explanation	  
at	  all	  was	  needed	  to	  understand	  that	  the	  body	  could	  move	  around	  this	  space	  and	  
have	  an	  effect	  on	  it,	  and	  indeed	  every	  user	  seemed	  to	  grasp	  this	  immediately,	  
without	  exception.	  One	  girl	  on	  the	  autistic	  spectrum	  in	  a	  user	  test	  in	  Barcelona	  even	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made	  it	  into	  a	  game	  by	  running	  in	  and	  out	  of	  the	  environment	  to	  switch	  on	  the	  
screens,	  but	  finished	  off	  by	  acknowledging	  her	  figure	  on	  the	  screens	  and	  striking	  a	  
final	  pose.	  
3.2.2.6 Multi-­‐modality	  
The	  multimodal	  aspect	  in	  terms	  of	  technological	  interfaces,	  on	  top	  of	  the	  sense	  of	  
embodiment	  derived	  from	  the	  interaction	  within	  the	  environment,	  had	  to	  receive	  
special	  consideration.	  The	  specific	  design	  responsibilities	  of	  each	  team	  as	  well	  as	  the	  
network	  engineering	  aspect	  of	  creating	  an	  interactive	  installation	  such	  as	  this	  
demands	  the	  sensory	  experience	  to	  be	  split	  into	  channels,	  or	  sensory	  modalities.	  The	  
relevant	  channels	  in	  MEDIATE	  were	  the	  visual,	  aural	  and	  tactile	  channels.	  Whereas	  in	  
our	  experience,	  from	  a	  phenomenological	  point	  of	  view,	  these	  are	  not	  separated,	  in	  
interface	  design	  as	  described	  above	  experience	  has	  to	  be	  broken	  down,	  in	  order	  to	  
be	  digitized	  into	  data	  that	  is	  readable	  by	  a	  computer	  processor.	  The	  interesting	  
design	  space	  opens	  up	  then	  when	  it	  comes	  to	  mapping	  the	  data	  coming	  from	  each	  
sensory	  modality.	  So	  when	  a	  user	  lifts	  their	  arm,	  the	  visual	  capture	  system	  in	  
MEDIATE	  will	  recognise	  this.	  The	  first	  response,	  in	  the	  visual	  modality,	  will	  be	  that	  
the	  crude	  silhouette	  outline	  of	  the	  user	  on	  the	  screen	  will	  mirror	  this	  movement.	  
This	  is	  a	  direct	  mapping	  within	  the	  same	  modality.	  What	  happens,	  then	  when	  this	  
movement/gesture	  can	  be	  mapped	  onto	  a	  different	  modality?	  What	  would	  be	  the	  
aural	  or	  tactile	  equivalent	  of	  this	  gesture?	  Can	  we	  just	  choose	  random	  effects	  and	  
match	  them	  to	  each	  other,	  or	  are	  there	  more	  salient	  effects.	  My	  suggestion	  was	  as	  
explained	  earlier	  in	  the	  thesis	  to	  explore	  this	  design	  space	  by	  considering	  the	  natural	  
mapping	  in	  synaesthesia	  and	  consider	  processes	  of	  metaphor	  and	  making	  sense	  of	  
the	  world	  by	  embodied	  knowledge.	  The	  example	  of	  verticality	  here	  helps,	  which	  is	  a	  
so	  called	  ‘image	  schemata’	  as	  Johnson	  (1987)	  called	  it	  –	  a	  concept	  which	  was	  formed	  
by	  our	  bodily	  experience	  and	  which	  can	  be	  felt	  and	  experienced	  in	  various	  sensory	  
modalities.	  So,	  if	  we	  map	  the	  motion	  of	  ‘lifting	  the	  arm’	  to	  verticality,	  from	  here	  we	  
can	  map	  onto	  the	  aural	  modality	  by	  raising	  something	  else	  ‘up’,	  such	  as	  volume	  or	  
pitch.	  Again,	  unfortunately	  the	  technical	  robustness	  of	  the	  prototype	  did	  not	  allow	  
for	  too	  much	  experimentation,	  although	  I	  see	  a	  system	  such	  as	  MEDIATE	  as	  a	  
promising	  platform	  to	  research	  these	  synaesthetic	  relationships.	  Having	  a	  system	  
	  
	  124	  
that	  allows	  mapping	  of	  different	  inputs	  and	  outputs	  to	  each	  other	  in	  various	  sensory	  
modalities	  could	  be	  the	  ideal	  space	  to	  do	  controlled	  experiments	  and	  deliver	  insights	  
into	  the	  most	  salient	  mappings.	  	  
3.2.3 MEDIATE	  –	  Tactile	  Interfaces	  
The	  tactile	  interfaces	  in	  MEDIATE	  will	  be	  described	  in	  this	  section.	  The	  screens	  could	  
be	  classed	  as	  a	  tactile	  interface,	  and	  they	  did	  indeed	  react	  to	  touch	  by	  varying	  visual	  
responses.	  Similarly,	  the	  floor	  could	  be	  classed	  as	  a	  tactile	  interface	  -­‐	  it	  was	  covered	  
in	  carpet	  and	  reacted	  to	  weight	  by	  an	  auditory	  response.	  However,	  those	  were	  not	  
my	  responsibility	  to	  design.	  Also,	  the	  rest	  of	  the	  six	  walls	  were	  covered	  in	  foam	  and	  
fabric.	  This	  is	  also	  a	  tactile	  interface	  of	  sort	  and	  this	  was	  done	  under	  my	  design	  
direction.	  These	  spaces	  were	  not	  digitally	  networked,	  but	  the	  wall	  foam	  was	  touch	  
responsive	  in	  the	  sense	  that	  it	  is	  soft,	  can	  potentially	  support	  a	  feeling	  of	  
envelopment,	  and	  the	  memory	  foam	  used	  has	  a	  particular	  structure	  that	  means	  it	  
regains	  its	  original	  form	  only	  slowly,	  leaving	  ephemeral	  traces	  of	  touch.	  What	  is	  
referred	  to	  as	  a	  tactile	  interface	  in	  MEDIATE	  specifically	  are	  the	  elements	  'TuneFork'	  
and	  'Impression	  Wall'.	  The	  research	  and	  development	  will	  be	  described,	  highlighting	  
areas	  of	  my	  contribution	  and	  that	  of	  other	  team	  members.	  	  
3.2.3.1 Squeeze	  machine	  /	  Pinpression	  Wall	  
As	  part	  of	  the	  tactile	  interface	  research	  for	  the	  MEDIATE	  environment,	  a	  giant	  
Pinpression	  was	  considered	  that	  could	  act	  as	  an	  enveloping	  mechanism.	  Children	  
would	  be	  able	  to	  push	  themselves	  against	  it	  and	  receive	  pleasurable	  deep	  and	  firm	  
haptic	  feedback,	  while	  being	  able	  to	  control	  the	  pressure	  themselves.	  It	  was	  
therefore	  thought	  to	  be	  desirable	  to	  be	  able	  to	  lean	  against	  a	  matrix	  of	  pins,	  possibly	  
covered	  by	  fabric,	  leave	  traces	  and	  imprints,	  with	  a	  spongy	  resistance	  and	  for	  the	  
surface	  to	  eventually	  spring	  back	  to	  its	  original	  form.	  The	  inspiration	  for	  this	  was	  the	  
"Squeeze	  Machine"	  by	  Temple	  Grandin	  (Grandin,	  1999),	  a	  lecturer	  and	  researcher	  
with	  autism,	  who	  has	  published	  several	  books	  about	  living	  with	  the	  condition.	  She	  
describes	  the	  need	  for	  a	  firm	  hug,	  while	  being	  discomforted	  by	  the	  closeness	  of	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another	  human	  being.	  Working	  with	  cattle	  gave	  her	  the	  idea	  to	  adapt	  a	  mechanism	  
that	  holds	  animals	  still	  during	  slaughter,	  into	  a	  'hug	  machine'	  with	  padded	  rollers	  she	  
could	  control	  herself,	  and	  therefore	  achieve	  that	  deep	  stimulation	  that	  she	  was	  
craving.	  In	  the	  environment	  we	  were	  designing,	  we	  were	  striving	  to	  provide	  an	  
element	  with	  a	  similar	  effect.	  Grandin	  is	  not	  a	  single	  case,	  in	  Sensory	  Integration	  
methods	  (Ayres,	  1979),	  deep	  muscle	  stimulation	  (proprioception)	  is	  considered	  to	  be	  
an	  essential	  sensory	  experience	  and	  calms	  many	  children	  down,	  especially	  often	  
those	  with	  autism.	  Many	  children	  who	  display	  tactile	  defensiveness	  for	  light	  brushing	  
and	  stroking,	  will	  be	  able	  to	  tolerate	  a	  heavy	  weight	  pressed	  onto	  them	  (like	  couch	  
cushions	  or	  mattresses)	  and	  many	  children	  actually	  actively	  seek	  this	  out,	  
instinctively	  seeking	  the	  sensory	  stimulation	  that	  seems	  to	  have	  a	  calming	  effect.	  
Tactile	  stimuli,	  it	  has	  been	  shown,	  can	  be	  psychophysically	  perceived	  by	  children	  on	  
the	  autistic	  spectrum	  in	  a	  similar	  way	  to	  normal	  children.	  	  The	  researchers	  (Guclu	  et	  
al,	  2007)	  therefore	  suspect	  a	  possible	  reason	  for	  hyper	  or	  hyposensitive	  reaction	  to	  




Fig	  24	   Experiments	  with	  textures,	  resistance	  and	  responsiveness	  
3.2.3.2 Interactive	  Tactile	  Particles	  	  
In	  an	  enhanced	  version	  of	  this	  Pinpression	  wall	  with	  a	  spongy	  resistance,	  there	  was	  
the	  idea	  to	  make	  the	  pins	  electronic	  conductors.	  This	  could	  then	  be	  used	  to	  drive	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responses	  in	  other	  sensory	  modalities,	  i.e.	  on	  the	  screen.	  The	  visual	  design	  team	  on	  
MEDIATE	  worked	  with	  the	  theme	  of	  particles,	  so	  the	  aim	  was	  to	  find	  equivalents	  in	  
the	  haptic	  dimension,	  which	  could	  then	  enable	  the	  design	  of	  cross-­‐modal	  events.	  
	  
	  
Fig	  25	   Haptic	  Sketches	  for	  MEDIATE	  research	  -­‐	  tactile	  particles	  
The	  particle	  theme	  was	  appropriate	  to	  the	  design	  brief	  for	  the	  interaction	  within	  the	  
environment,	  which	  was	  very	  strongly	  guided	  by	  recommendations	  of	  the	  
Psychology	  team,	  who	  were	  experts	  in	  the	  research	  of	  autism	  in	  children.	  It	  was	  to	  
be	  avoided,	  also	  from	  an	  innovation	  of	  interface	  perspective,	  to	  create	  a	  giant	  game	  
controller.	  Anything	  resembling	  a	  button	  and	  encouraging	  any	  kind	  of	  conventional	  
Human-­‐Computer	  Interaction	  was	  undesirable.	  Therefore,	  a	  particle	  system	  would	  
be	  ideal,	  as	  this	  could	  float	  and	  digress	  into	  different	  forms.	  
3.2.3.3 Tactile	  Elements	  as	  Part	  of	  the	  Environment	  	  
However,	  eventually	  within	  this	  complex	  environment/project	  it	  was	  decided	  that	  
the	  tactile	  dimension	  posed	  too	  many	  problems.	  The	  most	  obvious	  is	  the	  amount	  of	  
engineering	  involved,	  as	  all	  this	  had	  to	  be	  custom-­‐made	  whereas	  the	  other	  
modalities	  (visual	  and	  aural)	  could	  utilize	  ready-­‐made	  components	  off	  the	  shelves,	  
benefiting	  from	  years	  of	  research,	  which	  had	  not	  happened	  yet	  in	  the	  haptic	  
modality.	  The	  most	  important	  factor	  though	  was	  related	  to	  interaction	  design	  and	  
coherence	  of	  the	  environment:	  the	  main	  point	  of	  the	  environment	  was	  to	  engage	  in	  
a	  dialogue	  with	  the	  user.	  This	  would	  become	  more	  complex	  and	  interesting,	  as	  the	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user	  displayed	  novel	  behaviour.	  Should	  the	  user's	  behaviour	  become	  repetitive	  or	  
inert,	  it	  was	  very	  important	  to	  bring	  the	  interaction	  to	  a	  less	  complex	  level.	  It	  was	  
hoped	  this	  would	  deal	  appropriately	  with	  the	  eventuality	  that	  the	  child	  becomes	  
uncomfortable	  and	  wants	  to	  leave	  the	  stimulus,	  and	  also	  encourage	  the	  child	  
playfully	  to	  explore	  and	  try	  new	  things.	  	  
Because	  the	  environment's	  capability	  of	  becoming	  more	  complex,	  but	  also	  the	  ability	  
of	  'dimming	  down'	  was	  absolutely	  crucial	  to	  the	  overall	  design	  rationale,	  the	  tactile	  
elements	  had	  to	  be	  revisited.	  Whereas	  it	  is	  fairly	  straightforward	  to	  de-­‐saturate	  
colours	  on	  screen,	  or	  turn	  down	  the	  volume	  on	  the	  sound	  for	  example,	  with	  a	  touch	  
interface	  this	  is	  not	  easy	  to	  achieve.	  Once	  a	  texture	  has	  been	  integrated	  into	  the	  
environment,	  it	  cannot	  be	  'faded	  out',	  at	  least	  not	  with	  current	  technology	  as	  it	  was	  
available	  at	  the	  time.	  It	  was	  so	  important	  to	  be	  able	  to	  reset	  the	  environment	  to	  
'start'	  and	  back	  to	  a	  fairly	  empty	  and	  non-­‐stimulating	  space,	  that	  it	  was	  decided	  to	  
reduce	  the	  objects	  and	  therefore	  tactile	  elements	  in	  the	  environment	  to	  a	  minimum.	  
3.2.4 Tune	  Fork:	  Design	  Rationale	  and	  Development	  
	   	  
Fig	  26	   Tactile	  Interface	  in	  MEDIATE:	  the	  TuneFork	  
	  
The	  TuneFork	  was	  designed	  to	  integrate	  interactive	  textures,	  which	  can	  be	  explored	  
tactually	  and	  create	  musical	  responses.	  It	  was	  considered	  as	  essential	  that	  the	  object	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should	  integrate	  into	  the	  whole	  environment	  in	  a	  way	  that	  it	  would	  not	  provide	  a	  
space	  for	  fixation,	  but	  encourage	  motion	  and	  flow	  through	  the	  space.	  My	  aim	  was	  to	  
provide	  a	  kind	  of	  tactile	  mural	  that	  was	  quite	  obviously	  designed	  for	  the	  space	  and	  
not	  in	  any	  way	  resembling	  the	  kind	  of	  tactile	  tiles	  and	  murals	  often	  supplied	  by	  MSE	  
equipment	  manufacturers	  and	  distributors,	  as	  they	  often	  seem	  like	  a	  random	  
collection	  of	  haptic	  experiences	  on	  a	  small	  and	  uninspiring	  space.	  The	  tactile	  
experience	  was	  not	  to	  take	  center	  stage,	  but	  to	  support	  the	  general	  interaction	  
within	  the	  environment.	  
Therefore,	  the	  TuneFork	  was	  chosen	  to	  be	  on	  the	  first	  wall	  to	  the	  right	  as	  one	  enters	  
the	  space.	  The	  bas-­‐relief	  structure	  runs	  all	  along	  the	  wall,	  in	  reach	  of	  the	  hands	  of	  
users	  of	  various	  body	  heights.	  Near	  the	  end,	  it	  spreads	  out	  into	  a	  fork	  with	  two	  
branches,	  one	  going	  up	  and	  one	  going	  down.	  The	  whole	  shape	  is	  not	  straight	  but	  
rather	  varied	  and	  amorphous.	  	  Some	  concern	  was	  raised	  by	  the	  rest	  of	  the	  design	  
team	  as	  to	  the	  height	  of	  the	  upper	  branch	  and	  whether	  all	  users	  could	  reach	  it.	  My	  
rationale	  for	  this	  was	  that	  it	  was	  important	  to	  provide	  areas	  to	  'stretch	  to'	  and	  even	  
if	  not	  all	  users	  would	  be	  able	  to	  reach,	  it	  was	  still	  going	  to	  be	  a	  satisfying	  experience.	  
The	  shape	  was	  designed	  to	  encourage	  movement	  and	  touch,	  i.e.	  running	  your	  hands	  
along	  it	  and	  tapping.	  The	  sonic	  feedback	  incorporated	  into	  the	  textures	  by	  
amplification	  further	  encourages	  exploration	  of	  a	  haptic	  repertoire.	  
3.2.4.1 Textures	  
The	  structure	  was	  the	  support	  for	  a	  provision	  of	  a	  surface	  incorporating	  differing	  
materials,	  thereby	  exhibiting	  various	  textures.	  	  The	  materials	  join	  seamlessly	  -­‐	  again,	  
this	  is	  in	  keeping	  with	  the	  desire	  to	  create	  an	  organic	  environment	  as	  possible.	  
Commercially	  available	  MSE	  equipment	  often	  offers	  tactile	  'tiles'	  in	  forms	  of	  squares,	  
which	  although	  undoubtedly	  easier	  to	  manufacture,	  do	  not	  allow	  customary	  designs	  
and	  also	  do	  not	  resemble	  textures,	  as	  we	  would	  find	  them	  in	  real	  life.	  It	  was	  
therefore	  an	  important	  design	  criterion	  for	  me	  to	  find	  a	  way	  to	  present	  textures	  in	  a	  
way	  that	  does	  not	  seem	  unnatural,	  but	  allows	  them	  to	  blend.	  In	  terms	  of	  actual	  
production,	  this	  has	  not	  been	  trivial	  and	  again	  the	  Show	  Connections	  team,	  
specifically	  Dave	  Mercer	  is	  credited	  with	  integrating	  them	  as	  seamlessly	  as	  possible,	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while	  still	  maintaining	  the	  option	  of	  dismantling	  the	  whole	  interface	  and	  making	  it	  
transportable,	  as	  well	  as	  housing	  electronic	  networking	  equipment.	  	  
3.2.4.2 Rough/Smooth	  
A	  number	  of	  desirable	  textures	  (wood,	  bark,	  cork,	  fur,	  suede,	  metal,	  plastic,	  felt,	  
studded	  rubber)	  were	  selected.	  Themes	  that	  inspired	  my	  choice	  were	  along	  the	  
haptic	  dimension	  of	  rough	  and	  smooth,	  each	  displaying	  various	  degrees	  towards	  
either	  end,	  however	  they	  were	  only	  vaguely	  ordered	  in	  terms	  of	  actual	  perception,	  
not	  based	  on	  large-­‐scale	  user	  research,	  but	  by	  feeling	  the	  textures	  myself.	  As	  one	  
enters	  the	  environment	  and	  starts	  to	  touch	  the	  TuneFork	  at	  the	  end	  nearest	  the	  
entrance,	  one	  would	  feel	  polished	  wood	  and	  metal,	  then	  cork	  and	  crinkly	  plastic,	  
then	  bark	  and	  felt	  and	  finally	  shammy	  leather	  and	  studded	  rubber.	  The	  other	  
inspiring	  theme	  for	  my	  choice	  was	  the	  production	  quality	  of	  the	  materials,	  whether	  
they	  were	  organic	  or	  synthetic	  materials,	  with	  the	  organic	  materials	  running	  along	  
the	  bottom	  half	  and	  the	  synthetic	  materials	  running	  along	  the	  top	  half	  of	  the	  Tune	  
Fork.	  The	  tactile	  materials	  selected	  for	  the	  TuneFork	  mainly	  formed	  the	  basis	  for	  
later	  research	  with	  the	  Haptic	  Box	  (see	  section	  on	  Tactile	  Affordances),	  which	  was	  
hoped	  to	  deliver	  a	  more	  systematic	  examination	  of	  these	  largely	  intuitive	  design	  
choices.	  	  
3.2.4.3 Organic	  /	  Manmade	  materials	  
The	  attempt	  to	  incorporate	  organic	  materials	  wherever	  possible	  has	  been	  an	  
ongoing	  struggle.	  There	  are	  obvious	  disadvantages	  when	  it	  comes	  to	  maintenance	  
and	  hygiene	  –	  however	  I	  endeavoured	  to	  find	  compromises	  wherever	  possible.	  Even	  
though	  materials	  these	  days	  can	  be	  made	  to	  be	  ‘almost	  like’	  the	  real	  thing,	  I	  felt	  that	  
this	  would	  not	  be	  enough.	  If	  children	  were	  to	  be	  supplied	  with	  interesting	  sensory	  
stimuli,	  reasonable	  effort	  should	  be	  made	  to	  make	  this	  really	  varied,	  and	  also	  ‘real’,	  
something	  that	  cannot	  always	  be	  achieved	  with	  synthetic	  materials.	  Even	  varnishing	  
the	  materials	  is	  taking	  away	  some	  important	  tactile	  qualities	  of	  the	  surfaces.	  To	  
strive	  for	  an	  organic	  quality	  is	  not	  just	  an	  intuitive	  choice	  -­‐	  wood	  is	  an	  organic	  thing	  
with	  a	  living	  organism	  –	  growing,	  breathing,	  healing	  and	  dying.	  It	  is	  therefore	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perceived	  to	  be	  more	  “friendly”	  than	  synthetic	  materials.	  It	  also	  plays	  a	  major	  role	  in	  
sustaining	  our	  lives:	  as	  building	  material	  and	  as	  fuel.	  In	  contemporary	  times	  of	  
course,	  both	  those	  uses	  are	  vanishing	  and	  at	  the	  very	  least	  in	  urban	  spaces,	  concrete	  
has	  replaced	  the	  textures	  of	  the	  natural	  world,	  such	  as	  natural	  grounds	  to	  walk	  on.	  
Children	  are	  probably	  most	  likely	  to	  break	  out	  of	  these	  constraints	  and	  therefore	  
may	  be	  more	  aware	  of	  such	  tactile	  qualities.	  	  
In	  MEDIATE,	  it	  was	  possible	  to	  include	  natural	  materials,	  as	  this	  was	  a	  bespoke	  
prototype.	  In	  everyday	  care	  situations	  where	  one	  might	  install	  a	  multisensory	  room,	  
regulations	  will	  dictate	  a	  more	  mundane	  approach	  to	  textures.	  However,	  the	  search	  
to	  find	  better	  compromises	  between	  real,	  stimulating	  materials,	  and	  the	  constraints	  
of	  hygiene	  and	  maintenance,	  is	  still	  on.	  For	  example,	  flocking	  material	  could	  be	  one	  
such	  compromise	  –	  see	  specifically	  the	  work	  of	  Elaine	  Igoe	  (2007),	  Research	  Student	  
at	  the	  RCA	  and	  Senior	  Lecturer	  at	  the	  University	  of	  Portsmouth,	  exhibited	  at	  the	  
Exhibition	  “Flockage:	  The	  Flock	  Phenomenon”	  (Hardie	  &	  Langdown,	  2007).	  
 
	  
Fig	  27	   Sketch	  of	  the	  Tune	  Fork	  design	  with	  various	  textures	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Fig	  28	   TuneFork	  construction	  experiments:	  back	  
view	  




A	  method	  of	  forming	  these	  textures	  to	  the	  required	  shape	  was	  developed	  by	  the	  
Show	  Connections	  team.	  As	  mentioned	  above,	  other	  design	  criteria	  that	  were	  valid	  
for	  the	  whole	  environment	  had	  to	  be	  considered	  -­‐	  for	  example,	  everything	  had	  to	  be	  
deconstructable	  into	  parts	  to	  allow	  for	  transportation	  and	  maintenance	  of	  
electronics.	  This	  involved	  forming	  individual	  moulds	  for	  each	  section	  and	  injecting	  
polyurethane	  foam	  about	  a	  pre-­‐shaped	  rigid	  'back-­‐bone’,	  which	  were	  laid	  out	  with	  
the	  desired	  material	  to	  be	  displayed.	  	  Response	  to	  touch	  was	  achieved	  by	  employing	  
small	  transducers	  imbedded	  into	  the	  foam	  close	  to	  the	  final	  surface.	  In	  the	  case	  of	  
the	  metal	  and	  polished	  wood	  elements,	  this	  was	  not	  necessary	  -­‐	  the	  wood	  element	  
was	  a	  found	  tree	  branch,	  which	  seemed	  the	  ideal	  shape	  to	  support	  the	  TuneFork,	  
and	  the	  metal	  element	  was	  then	  manufactured	  to	  fit	  towards	  the	  slight	  irregularities	  
of	  the	  wood	  element.	  The	  'sensors'	  embedded	  in	  the	  TuneFork	  were	  analogue	  
devices,	  piezoelectric	  pickups	  that	  act	  like	  microphones	  and	  the	  signals	  obtained	  
were	  to	  be	  directly	  amplified	  to	  produce	  an	  audible	  sound.	  I	  had	  conducted	  some	  
initial	  experimentation	  with	  the	  sensors	  and	  each	  of	  the	  chosen	  materials	  to	  test	  
whether	  they	  would	  provide	  a	  sufficiently	  satisfying	  and	  differing	  response.	  It	  was	  
surprising	  how	  well	  this	  worked,	  as	  it	  seemed	  such	  a	  simple	  way	  to	  create	  such	  a	  
powerful	  effect.	  The	  mere	  amplification	  of	  the	  material	  the	  sound	  makes	  on	  the	  
hand	  rubbing,	  stroking	  or	  tapping	  it	  is	  very	  pleasant	  and	  a	  rather	  salient	  interaction	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design	  effect,	  coupling	  cause	  and	  effect	  in	  a	  direct	  manner	  while	  applying	  just	  the	  
right	  amount	  of	  technology	  to	  transform	  the	  experience.	  
In	  order	  to	  achieve	  sufficient	  ‘gain’,	  particularly	  at	  very	  low	  frequencies,	  a	  special	  
pre-­‐amplifier	  had	  to	  be	  developed,	  which	  was	  also	  a	  bespoke	  production	  by	  the	  
Show	  Connections	  team.	  This	  device	  was	  similar	  to	  the	  transducers	  located	  in	  the	  
floor	  panels	  (for	  a	  more	  extensive	  overview	  of	  the	  technical	  aspects	  and	  other	  design	  
elements,	  see	  Pares	  et	  al,	  2005b;	  Timmermans	  et	  al,	  2004;	  Gumtau	  et	  al,	  2005).	  The	  
basic	  analogue	  signals	  derived	  from	  the	  Tune	  Fork	  were	  amplified	  and	  later	  used	  to	  
trigger	  electronic	  MIDI	  samples.	  Insistence	  on	  analogue	  sensors	  to	  provide	  a	  range	  of	  
dynamic	  variables	  to	  respond	  to	  was	  another	  crucial	  element	  to	  the	  MEDIATE	  design	  
rationale.	  This	  provides	  a	  range	  of	  expression,	  which	  is	  directly	  mapped	  to	  the	  
individual’s	  action,	  and	  therefore	  action	  and	  response	  is	  tightly	  coupled	  in	  a	  richly	  
varied	  way.	  For	  example,	  a	  user	  walking	  on	  the	  MEDIATE	  floor	  would	  generate	  
sounds	  unique	  to	  his	  individual	  gait.	  This	  differs	  from	  setting	  off	  pre-­‐designed	  
computer	  sound	  samples,	  which	  can	  be	  repetitive,	  and	  the	  user’s	  impression	  of	  
control	  over	  the	  environment	  is	  lessened.	  
3.2.4.5 TuneFork	  Evaluation	  
Observing	  various	  user	  groups	  in	  the	  MEDIATE	  environment,	  it	  provided	  a	  sustained	  
point	  of	  interest	  and	  enabled	  a	  varied	  repertoire	  of	  behaviour.	  Musically	  inclined	  
users	  might	  explore	  the	  whole	  sound	  palette	  to	  exhaustion,	  while	  more	  energetic	  
users	  would	  just	  tap	  all	  elements	  while	  running	  around	  the	  environment	  in	  circles.	  As	  
was	  observable	  generally,	  users	  differed	  in	  the	  same	  way	  across	  all	  ages:	  some	  were	  
more	  concerned	  with	  finding	  out	  exactly	  how	  the	  system	  worked	  and	  investigated	  
step	  by	  step	  all	  action	  and	  response	  possibilities,	  while	  some	  were	  happy	  to	  immerse	  
themselves	  in	  the	  creative	  potential	  and	  envelopment	  by	  sensory	  feedback.	  One	  5	  
year	  old	  boy	  in	  particular	  delivered	  a	  most	  impressive	  virtuoso	  concert	  performance	  
on	  the	  TuneFork	  -­‐	  without	  being	  musically	  trained,	  he	  developed	  and	  displayed	  a	  
sense	  of	  structuring	  pace	  and	  rhythm	  in	  a	  remarkable	  manner,	  additionally	  
extending	  his	  bodily	  repertoire	  by	  engaging	  hand	  and	  feet	  at	  times	  to	  stretch	  to	  
different	  parts	  of	  the	  TuneFork.	  This	  session	  being	  captured	  on	  video,	  it	  remains	  the	  
most	  essential	  documentation	  of	  the	  potential	  of	  the	  TuneFork	  (Appendix	  J).	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If	  the	  TuneFork	  was	  to	  be	  used	  in	  a	  care	  home	  setting,	  for	  the	  purposes	  of	  
Occupational	  or	  Sensory	  Integration	  Therapy	  or	  for	  research,	  it	  may	  have	  to	  be	  
adjusted.	  In	  this	  case,	  one	  might	  be	  more	  interested	  in	  using	  established	  textures	  to	  
teach	  different	  grades	  of	  roughness,	  or	  to	  match	  similar	  textures	  to	  each	  other.	  One	  
may	  also	  be	  interested	  to	  monitor	  which	  textures	  are	  preferred	  for	  each	  individual	  
user.	  This	  would	  all	  be	  possible,	  and	  in	  the	  re-­‐design	  for	  the	  follow-­‐up	  project,	  the	  
textures	  were	  to	  be	  de-­‐mountable,	  in	  order	  to	  tweak	  the	  object	  for	  different	  
purposes,	  preferences	  and	  of	  course	  also	  for	  maintenance.	  For	  the	  bespoke	  design	  
described	  here,	  the	  overall	  design	  rationale	  of	  the	  MEDIATE	  environment	  and	  
integration	  was	  preordinate,	  so	  the	  textures	  really	  are	  mainly	  offering	  different	  types	  
of	  sensory	  experience	  to	  explore	  and	  they	  stimulate	  interaction.	  They	  do	  not	  offer	  a	  
hypothesis	  about	  the	  individual's	  relationship	  with	  textures	  easily,	  as	  they	  are	  also	  
coupled	  with	  sound,	  which	  can	  dominate	  the	  interaction.	  
	  
	  
Fig	  30	   Interaction	  Scenario:	  TuneFork	  in	  the	  MEDIATE	  environment	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3.2.5 Impression	  Wall:	  Design	  Rationale	  and	  Development	  
	  
Fig	  31	   Haptic	  interface	  in	  MEDIATE:	  Impression	  Wall	  
Momentary	  traces	  over	  the	  whole	  environment	  were	  achieved	  by	  covering	  all	  wall	  
surfaces	  in	  responsive	  visco-­‐elastic	  foam.	  This	  allows	  a	  spongy	  resistance,	  giving	  
analogue	  haptic	  feedback	  by	  pressing	  against	  the	  body	  and	  also	  leaving	  dents	  for	  a	  
short	  while,	  until	  the	  foam	  recovers	  its	  original	  state.	  This	  idea	  of	  a	  responsive,	  
malleable	  surface	  was	  concentrated	  in	  the	  haptic	  interface	  element	  ‘Impression	  
Wall’.	  This	  element	  was	  designed	  with	  the	  possibility	  of	  snuggling	  inside	  and	  pressing	  
against	  it	  (different	  from	  the	  TuneFork,	  which	  was	  designed	  to	  encourage	  a	  range	  of	  
hand	  and	  body	  movements).	  The	  Impression	  Wall	  was	  derived	  from	  the	  idea	  of	  
providing	  a	  calm	  and	  comforting	  space,	  and	  a	  softer	  touch	  responsive	  area.	  It	  was	  
designed	  to	  serve	  different	  dimensions	  of	  touch	  than	  the	  textured	  material,	  and	  was	  
more	  aimed	  toward	  proprioceptive	  stimulation.	  	  
The	  Impression	  wall	  is	  in	  the	  shape	  of	  three	  sausage-­‐shaped	  cushions	  mounted	  on	  
the	  wall,	  for	  the	  user	  to	  snuggle	  into	  and	  lean	  against,	  producing	  vibratory	  and	  
auditory	  feedback.	  The	  vibratory	  feedback	  responded	  to	  long	  touch	  (pressure)	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sensing	  strips	  implemented	  in	  the	  foam.	  The	  actual	  designed	  responses	  were	  limited	  
to	  intensity	  (amplitude),	  frequency	  and	  location	  of	  interaction.	  Due	  to	  the	  close	  
proximity	  of	  sensors	  and	  actuators,	  a	  mechanical	  method	  for	  preventing	  feedback	  
between	  the	  two	  elements	  was	  devised.	  Amplifiers	  specially	  biased	  for	  reproduction	  
of	  low	  and	  sub-­‐sonic	  frequencies	  were	  commissioned	  (this	  work	  was	  mainly	  carried	  
out	  by	  Simon	  Kunath	  and	  Show	  Connections).	  	  
The	  design	  arrangement	  was	  generated	  to	  enable	  semi-­‐body	  envelopment,	  so	  that	  
this	  area	  could	  subtly	  ‘hug’	  the	  participant.	  In	  line	  with	  a	  Sensory	  Integration	  and	  
Montessori	  approach,	  this	  is	  taking	  the	  human	  therapist	  out	  of	  the	  equation	  and	  
giving	  the	  children	  with	  autism	  the	  opportunity	  to	  stimulate	  themselves	  and	  possibly	  
overcome	  problems	  regarding	  tactile	  defensiveness	  by	  themselves.	  It	  has	  been	  
found	  that	  even	  though	  some	  children	  with	  autism	  display	  tactile	  defensiveness,	  
they	  also	  yearn	  for	  tactile	  stimulation,	  and	  deep	  pressure	  has	  been	  found	  to	  have	  a	  
calming	  effect	  (Edelson	  et	  al,	  1999).	  





Fig	  32	   Experiments	  with	  the	  responsiveness	  of	  visco-­‐elastic	  foam	  
	  
Fig	  33	   Impression	  Wall:	  Model,	  Diagram	  with	  Vibrators,	  Model	  of	  user	  interacting	  
The	  idea	  is	  to	  feel	  ‘hugged’	  without	  having	  the	  overwhelming	  sensation	  of	  another	  
person’s	  embrace.	  The	  children	  should	  be	  able	  to	  stay	  in	  control	  and	  enjoy	  the	  
feeling	  of	  being	  enveloped.	  	  
3.2.5.1 Impression	  Wall	  Evaluation	  
The	  manufacturing	  of	  the	  Impression	  Wall	  was	  not	  without	  problems,	  and	  this	  
impacted	  on	  the	  success	  of	  the	  interaction	  within	  the	  MEDIATE	  environment.	  The	  
layer	  of	  foam	  over	  the	  sensor	  strips	  was	  too	  thick	  and	  it	  therefore	  demanded	  a	  lot	  of	  
pressure	  to	  be	  applied	  before	  the	  vibrations	  were	  set	  off.	  This	  posed	  problems	  to	  the	  
primary	  user	  group,	  children,	  who	  were	  often	  not	  strong	  enough	  to	  push	  and	  get	  a	  
satisfactory	  response.	  For	  the	  adult	  user	  group,	  this	  posed	  no	  problems	  and	  indeed	  
seemed	  to	  be	  a	  pleasurable	  element,	  with	  many	  leaning	  their	  backs	  into	  it	  to	  enjoy	  
the	  massaging	  effect	  of	  the	  vibration.	  Once	  the	  interaction	  level	  moved	  up	  and	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became	  more	  complex,	  the	  responses	  changed	  from	  vibrations	  to	  sound,	  and	  the	  
sensors	  seemed	  easier	  to	  set	  off.	  The	  shapes	  only	  had	  to	  be	  touched	  lightly	  to	  
produce	  the	  atmospheric	  sounds	  designed	  by	  the	  Dutch	  team.	  	  
In	  future,	  this	  Wall	  could	  be	  designed	  to	  be	  even	  more	  of	  an	  envelopment	  and	  
provide	  a	  safe	  haven	  to	  feel	  ‘hugged’	  and	  play	  with	  the	  soothing	  and	  pleasurable	  
vibrations.	  It	  would	  be	  interesting	  to	  see	  how	  far	  the	  structuring	  of	  vibration	  
patterns	  could	  be	  taken	  in	  order	  to	  create	  more	  of	  a	  dialogue	  and	  sensory	  
communication	  between	  the	  user	  and	  the	  Impression	  Wall.	  In	  the	  section	  on	  touch	  
as	  medium	  for	  communication,	  experiments	  designed	  to	  gain	  a	  deeper	  level	  of	  
sophistication	  in	  haptic	  interactions	  are	  described	  –	  can	  there	  be	  a	  consistently	  
meaningful	  relay	  of	  information	  as	  a	  sensory	  communication	  channel	  between	  
human	  and	  machine;	  and	  in	  computer	  mediated	  communication	  between	  human	  
and	  human?	  These	  are	  research	  questions	  pertinent	  to	  some	  of	  the	  projects	  
described	  in	  the	  literature	  review	  on	  digitizing	  haptic	  communication,	  and	  indeed	  
the	  Haptic	  Box	  study	  is	  designed	  to	  contribute	  to	  this	  body	  of	  research.	  
3.2.6 The	  Mushroom	  Interface	  
 
	  
Fig	  34	   Interaction	  scenarios	  for	  Mushroom	  Interface	  
A	  third	  haptic	  interface	  that	  was	  designed	  for	  MEDIATE	  was	  the	  'Mushroom'.	  This	  
was	  going	  to	  be	  a	  protrusion	  in	  the	  centre	  of	  the	  environment,	  which	  could	  be	  
interacted	  with	  by	  standing,	  sitting	  or	  leaning	  on	  it.	  It	  again	  had	  an	  irregular	  shape	  
and	  the	  fact	  it	  was	  attached	  to	  the	  floor	  seemed	  to	  resemble	  a	  mushroom.	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Originally,	  the	  idea	  was	  to	  feature	  a	  miniature	  version	  of	  all	  three	  interfaces	  on	  this	  
object,	  however	  as	  time	  developed	  this	  was	  considered	  too	  complex	  and	  
unnecessary,	  so	  it	  was	  deemed	  to	  be	  a	  tactile	  interface	  only.	  It	  was	  designed	  to	  
house	  vibration	  motors	  and	  to	  be	  covered	  in	  responsive	  material,	  at	  the	  very	  least	  
the	  visco-­‐elastic	  foam	  that	  was	  already	  chosen	  for	  the	  walls	  and	  the	  Impression	  Wall.	  
A	  lot	  of	  these	  decisions	  had	  to	  be	  team	  decisions,	  as	  all	  objects	  integrate	  into	  a	  
whole	  environment,	  however	  the	  actual	  design	  of	  the	  mushroom	  and	  the	  possible	  
touch	  interaction	  was	  again	  my	  responsibility.	  I	  designed	  several	  shapes	  and	  
interaction	  scenarios	  for	  the	  mushroom	  of	  in	  terms	  of	  their	  capability	  to	  facilitate	  
contemplative,	  focused	  interaction.	  	  
	  
Fig	  35	   Physical	  Interface	  experimentation	  for	  the	  ‘Mushroom’	  
In	  the	  end,	  the	  Mushroom	  interface	  was	  not	  further	  developed	  or	  produced	  for	  two	  
reasons:	  the	  environment	  had	  to	  be	  transportable,	  and	  an	  object	  attached	  to	  the	  
centre	  of	  the	  interactive	  floor	  posed	  too	  many	  technical	  challenges,	  that	  as	  part	  of	  
an	  already	  complex	  whole,	  were	  insurmountable.	  
	  
Fig	  36	   Skeleton	  view	  of	  the	  Mushroom,	  showing	  planned	  locations	  of	  vibrators	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Also,	  after	  consultation	  with	  the	  Psychology	  team,	  it	  transpired	  that	  there	  were	  fears	  
an	  object	  such	  as	  this	  could	  prove	  a	  tempting	  area	  to	  become	  fixated	  on,	  something	  
that	  we	  had	  been	  trying	  to	  avoid	  since	  our	  user	  group	  is	  particularly	  prone	  to	  
fixation.	  It	  was	  therefore	  more	  desirable	  that	  tactile	  features	  were	  designed	  that	  
encourage	  flow	  and	  movement	  through	  the	  environment,	  and	  that	  actually	  the	  
provision	  of	  a	  large	  space	  enabling	  full	  body	  interaction	  could	  be	  more	  desirable.	  A	  
compromise	  was	  found	  in	  the	  shape	  of	  the	  Impression	  wall	  -­‐	  it	  was	  still	  considered	  of	  
benefit	  to	  provide	  an	  area	  where	  it	  was	  possible	  not	  to	  be	  dominated	  by	  the	  visual	  
feedback	  of	  the	  screens,	  and	  also	  a	  point	  of	  rest	  and	  potential	  feeling	  of	  calm	  and	  
comfort.	  The	  cushioned	  sausages	  of	  the	  Impression	  Wall	  offer	  this	  point,	  without	  
allowing	  too	  much	  detail	  to	  fixate	  upon	  and	  without	  allowing	  the	  user	  to	  disappear	  
from	  the	  visual	  tracking	  system,	  or	  become	  otherwise	  trapped.	  	  
3.2.7 Vibro-­‐wall	  
With	  the	  Impression	  wall,	  the	  actual	  designed	  vibro-­‐tactile	  responses	  were	  limited	  to	  
these	  parameters:	  intensity	  of	  feedback	  and	  location	  of	  interaction.	  For	  the	  next	  
stage	  of	  this	  project,	  a	  new	  element	  incorporating	  vibratory	  feedback	  had	  been	  
proposed.	  This	  is	  based	  on	  the	  children’s	  game	  of	  drawing	  on	  each	  other’s	  back	  and	  
guessing	  what	  shape	  or	  letter	  has	  been	  drawn.	  This	  game	  is	  also	  used	  in	  some	  
sensory	  integration	  therapy	  situations,	  as	  the	  ability	  to	  recognise	  a	  letter	  drawn	  on	  
the	  skin	  is	  seen	  as	  essential	  for	  the	  acquisition	  of	  abstract	  cognitive	  skills,	  such	  as	  
reading	  and	  writing.	  The	  proposed	  haptic	  interface	  harvests	  the	  tactile	  illusion	  of	  the	  
‘cutaneous	  rabbit’.	  When	  three	  points	  on	  the	  skin	  are	  stimulated	  in	  a	  very	  rapid	  
fashion,	  this	  is	  perceived	  as	  a	  line	  being	  drawn	  –	  or	  a	  “rabbit”	  hopping	  along.	  With	  
this	  effect,	  very	  interesting	  patterns	  can	  be	  artificially	  applied	  to	  the	  skin.	  Geldard	  
(1960)	  first	  used	  this	  to	  create	  a	  kind	  of	  language	  called	  “Vibratese”,	  in	  which	  a	  
matrix	  of	  nine	  points	  (3x3)	  on	  the	  torso	  were	  stimulated	  via	  vibration.	  He	  found	  that	  
people	  could	  learn	  this	  artificial	  language.	  Another	  approach	  is	  the	  tactile	  vest	  
designed	  by	  researchers	  at	  TNO	  in	  Holland,	  whose	  aim	  it	  is	  to	  deliver	  orientation	  
information	  to	  pilots	  or	  astronauts	  in	  situations	  where	  the	  visual	  sense	  becomes	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unreliable	  (Van	  Erp	  &	  Van	  Veen,	  2003b;	  Van	  Erp,	  2005).	  The	  vest	  incorporates	  a	  
matrix	  of	  5	  x	  8	  vibration	  motors,	  with	  a	  variety	  of	  patterns	  selected	  through	  a	  
joystick.	  The	  sensation	  of	  the	  little	  motors	  being	  activated	  one	  by	  one	  feels	  like	  a	  line	  
going	  up,	  or	  around	  the	  body,	  depending	  on	  the	  pattern	  selected.	  In	  one	  award-­‐
winning	  demonstration	  at	  the	  WorldHaptics	  in	  Pisa,	  2005,	  the	  researchers	  had	  three	  
novices	  wearing	  the	  vests	  performing	  a	  choreographed	  dance	  by	  direction	  of	  the	  
vibratory	  stimulation.	  
As	  the	  project	  is	  designed	  for	  children	  with	  autism	  with	  little	  or	  no	  language	  skills,	  
this	  element	  could	  be	  a	  welcome	  addition	  to	  add	  therapeutic	  benefits	  in	  a	  playful	  
way.	  They	  will	  not	  require	  another	  human	  to	  play	  this	  game	  and	  be	  in	  control	  of	  how	  
little	  or	  how	  much	  tactile	  stimulation	  they	  receive.	  Taking	  the	  human	  therapist	  out	  of	  
the	  equation	  and	  giving	  the	  child	  with	  autism	  the	  opportunity	  to	  self-­‐stimulate	  may	  
overcome	  some	  problems	  with	  closeness.	  Obviously	  this	  is	  not	  equivalent	  to	  therapy,	  
but	  it	  could	  be	  a	  contributor	  to	  independence	  and	  wellbeing	  and	  could	  have	  
beneficial	  side	  effects	  like	  spontaneous	  interaction	  with	  the	  carer.	  
3.2.8 MEDIATE	  Experience:	  User	  Stories	  
A	  more	  extensive	  evaluation	  of	  MEDIATE	  by	  the	  Psychology	  team	  can	  be	  found	  in	  the	  
Final	  Project	  Report	  (MEDIATE,	  2004)–	  this	  section	  will	  summarise	  some	  of	  the	  most	  
striking	  examples	  relevant	  to	  the	  discussion	  here.	  The	  poses	  people	  adopted	  in	  front	  
of	  the	  screens	  were	  certainly	  noteworthy,	  and	  it	  would	  be	  interesting	  to	  see	  how	  this	  
would	  develop	  when	  different	  screen	  responses	  were	  implemented.	  The	  main	  visual	  
response	  was	  a	  pattern	  of	  ‘pixels’	  on	  screen,	  more	  small	  squares	  at	  this	  scale.	  On	  
entering,	  these	  would	  merge	  and	  group	  around	  the	  user’s	  outline,	  creating	  a	  crude	  
silhouette,	  moving	  in	  real	  time	  with	  the	  user.	  The	  most	  common	  movement	  
observed	  by	  any	  user	  was	  what	  I	  called	  ‘The	  Angel	  of	  the	  North’	  –	  raising	  both	  arms	  
to	  be	  perpendicular	  to	  the	  body.	  Again,	  this	  would	  probably	  vary	  with	  different	  user	  
groups	  (e.g.	  performance	  artists)	  and	  with	  more	  sophisticated	  visual	  responses.	  	  
However,	  while	  on	  display	  at	  the	  Aspex	  gallery	  in	  Portsmouth,	  a	  family	  entered	  the	  
environment	  with	  an	  infant	  six	  months	  of	  age.	  Right	  in	  front	  of	  the	  screens,	  the	  child	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started	  standing	  up,	  still	  very	  unsure	  on	  its	  feet,	  and	  tried	  to	  reach	  the	  pixels	  slightly	  
outside	  its	  range.	  In	  order	  to	  do	  so,	  it	  had	  to	  stand	  up	  and	  really	  stretch	  its	  range	  of	  
motion.	  You	  could	  say	  it	  had	  such	  motivation	  to	  interact,	  it	  surpassed	  the	  
groundwork	  for	  starting	  to	  learn	  to	  walk.	  We	  can	  see	  that	  the	  embodied	  interaction	  
of	  combining	  gestural	  input	  and	  movement	  here	  really	  seemed	  to	  promote	  a	  sense	  
of	  agency,	  a	  powerful	  feeling	  of	  being	  in	  control	  of	  one’s	  body	  and	  one’s	  
environment.	  
It	  also	  seemed	  to	  promote	  a	  feeling	  of	  immersion	  and	  comfort	  –	  another	  visitor	  to	  
the	  Aspex	  gallery	  display,	  an	  18	  year	  old	  on	  the	  autistic	  spectrum,	  felt	  so	  at	  ease	  that	  
he	  started	  motioning	  for	  his	  mother	  to	  leave	  the	  environment	  –	  something	  which	  
was	  greeted	  by	  her	  with	  intense	  emotion	  and	  surprise	  as	  this	  was	  the	  first	  time	  in	  his	  
life	  he	  had	  been	  at	  ease	  enough	  to	  be	  without	  her.	  In	  this	  example,	  the	  teenage	  male	  
(diagnosis	  of	  severe	  autism)	  had	  shown	  great	  control	  over	  the	  environment	  by	  
interacting	  with	  all	  the	  sensory	  stimuli,	  and	  was	  able	  to	  achieve	  a	  level	  of	  
independence	  by	  being	  comfortable	  to	  engage	  with	  the	  environment	  on	  his	  own.	  His	  
family	  had	  the	  impression	  that	  he	  was	  relaxed	  and	  displayed	  less	  obsessive	  
behaviour.	  This	  also	  seems	  a	  strong	  example	  for	  achieving	  agency	  over	  the	  
environment,	  and	  this	  extended	  into	  his	  enjoyment	  of	  and	  agency	  over	  his	  own	  
experience.	  
The	  embodied	  approach	  also	  seemed	  to	  show	  success	  in	  terms	  of	  increasing	  
attention	  span,	  as	  many	  parents	  were	  surprised	  to	  see	  their	  children	  engaging	  in	  the	  
interactions	  for	  a	  long	  time,	  a	  substantial	  amount	  longer	  than	  they	  had	  ever	  seen	  
before.	  The	  child	  on	  the	  autistic	  spectrum	  using	  the	  environment	  always	  had	  the	  
option	  to	  leave	  or	  stop,	  and	  the	  engagement	  sometimes	  did	  involve	  them	  leaving	  the	  
environment	  and	  re-­‐entering	  in	  short	  bouts.	  The	  fact	  they	  could	  run	  without	  
obstacles	  seemed	  to	  be	  an	  advantageous	  factor	  in	  sustaining	  engagement.	  
The	  most	  remarkable	  user	  story	  was	  related	  to	  the	  intended	  aim	  of	  allowing	  
MEDIATE	  to	  be	  a	  platform	  of	  sensory	  communication.	  One	  young	  male	  user	  (nine	  
years,	  with	  a	  diagnosis	  of	  Asperger’s	  Syndrome)	  of	  the	  environment	  had	  realised,	  
that	  after	  prolonged	  engagement	  with	  the	  sounds	  and	  textures	  of	  the	  TuneFork,	  the	  
screens	  would	  change	  colour	  –	  an	  example	  of	  crossmodality	  being	  achieved	  during	  a	  
higher	  level	  of	  complexity	  in	  the	  response	  modus.	  He	  proceeded	  to	  interact	  with	  the	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TuneFork	  until	  the	  screens	  were	  the	  colour	  purple	  –	  he	  did	  this	  so	  deliberately,	  that	  
the	  parents	  suspected	  this	  to	  be	  significant.	  After	  adjusting	  his	  living	  environment	  to	  
this	  particular	  colour	  scheme,	  he	  seemed	  much	  calmer	  around	  the	  house,	  including	  
sleeping	  through	  the	  night.	  This	  young	  person	  has	  experienced	  a	  heightened	  sense	  
of	  agency,	  in	  the	  sense	  that	  he	  was	  acting	  completely	  to	  his	  own	  agenda.	  This	  
outcome	  was	  emergent,	  as	  the	  possibilities	  were	  built	  into	  the	  system,	  but	  certainly	  
not	  predicted,	  as	  he	  was	  discovering	  his	  own	  affordances	  within	  the	  environment.	  
This	  was	  a	  case	  of	  the	  kind	  of	  sensory	  communication	  MEDIATE	  was	  built	  to	  enable.	  
The	  third	  example	  was	  a	  young	  male	  (aged	  6	  with	  a	  diagnosis	  of	  autism),	  who	  
interacted	  freely	  and	  enthusiastically	  with	  all	  the	  sensory	  stimuli,	  and	  made	  
particular	  use	  of	  the	  whole	  space	  by	  running	  around,	  and	  eventually	  stripped	  off	  his	  
clothes.	  The	  parents	  assumed	  this	  was	  in	  order	  to	  enjoy	  the	  environment	  as	  much	  as	  
possible	  –	  something,	  which	  was	  not	  particularly	  part	  of	  his	  daily	  routine	  or	  
idiosyncratic	  behaviour.	  This	  is	  not	  just	  an	  example	  of	  agency,	  in	  the	  sense	  that	  
again,	  we	  have	  an	  unexpected	  and	  surprising	  outcome	  in	  the	  behaviour,	  but	  also	  in	  
terms	  of	  the	  multimodality	  of	  the	  space	  and	  the	  importance	  of	  the	  whole	  body	  
experience.	  This	  is	  a	  remarkable	  success	  for	  the	  environment	  working	  as	  more	  than	  
the	  sum	  of	  its	  parts	  –	  that	  this	  child	  should	  feel	  so	  comfortable	  and	  actually	  have	  the	  
urge	  to	  ‘really	  feel’	  all	  aspects	  of	  the	  environment	  with	  his	  skin,	  without	  the	  border	  
of	  clothes.	  
3.3 Chapter	  3	  (MEDIATE):	  Conclusion	  
In	  this	  chapter,	  the	  project	  MEDIATE	  has	  been	  described	  as	  a	  case	  study	  for	  
embodied	  interface	  design.	  The	  responsive	  environment	  for	  children	  with	  autism	  
serves	  to	  incorporate	  the	  body	  on	  several	  levels	  –	  as	  a	  space	  enabling	  movement	  
and	  an	  increased	  behavioural	  repertoire	  in	  terms	  of	  gestural	  expression,	  and	  by	  the	  




The	  interaction	  design	  was	  to	  grow	  in	  complexity	  in	  tandem	  with	  user	  actions	  –	  it	  is	  
essentially	  user-­‐driven.	  There	  were	  no	  predetermined	  sequences	  or	  goals	  to	  
achieved,	  the	  success	  of	  the	  environment	  would	  be	  defined	  by	  sensory	  engagement	  
of	  the	  user.	  As	  the	  environment	  was	  designed	  for	  the	  user	  group	  of	  children	  with	  
severe	  autism	  and	  limited	  or	  no	  verbal	  skills,	  several	  criteria	  had	  to	  be	  observed.	  For	  
example,	  sensory	  hyper-­‐	  and	  hyposensitivities	  had	  to	  be	  expected.	  At	  the	  same	  time,	  
the	  user	  was	  to	  stay	  in	  control	  of	  this	  environment	  without	  any	  outside	  intervention.	  
So	  the	  environment	  had	  to	  be	  capable	  of	  detecting	  when	  the	  user	  is	  interested	  (in	  
this	  case,	  prolonged	  and	  varied	  interaction	  with	  a	  particular	  area	  or	  element)	  or	  
getting	  stressed	  (displaying	  repetitive	  and	  self-­‐soothing	  behaviour	  or	  inertia).	  
MEDIATE	  therefore	  employed	  a	  pattern	  detection	  software	  that	  would	  enable	  
interaction	  to	  be	  tailored	  to	  the	  individual	  user.	  The	  problem	  arises	  when	  one	  tries	  
to	  make	  meaning	  of	  mere	  sensory	  patterns	  –	  at	  what	  stage	  does	  a	  repetitive	  
moment	  signal	  stress,	  and	  at	  what	  stage	  might	  it	  be	  enjoyment?	  In	  this	  particular	  
design,	  repetition	  was	  divided	  into	  small	  and	  large	  chunk	  repetition,	  assuming	  that	  
the	  small	  chunk	  repetition	  might	  signal	  self-­‐soothing	  behaviour	  such	  as	  rocking	  or	  
hand-­‐flapping	  (which	  would	  signify	  stress),	  and	  large	  chunk	  repetition	  may	  involve	  
running	  around	  the	  environment	  setting	  off	  different	  elements	  while	  doing	  so	  (which	  
would	  signify	  engagement).	  
As	  MEDIATE	  was	  not	  to	  have	  any	  form	  of	  instructions,	  it	  was	  essential	  to	  make	  clear	  
to	  the	  user	  from	  the	  start	  that	  they	  are	  having	  a	  direct	  effect	  on	  the	  environment.	  
Therefore,	  the	  premise	  was	  to	  start	  at	  a	  very	  low	  level	  of	  complexity,	  and	  very	  tightly	  
coupled	  to	  the	  body	  –	  amplification.	  In	  the	  first	  instance,	  MEDIATE	  really	  acted	  as	  an	  
amplification	  system	  of	  bodily	  actions,	  which	  worked	  as	  an	  instant	  pointer	  to	  put	  the	  
user	  in	  context	  and	  in	  charge.	  This	  embodied	  approach	  also	  served	  well	  to	  support	  
the	  other	  design	  aim,	  to	  allow	  children	  with	  autism	  to	  experience	  a	  sense	  of	  agency.	  
	  
Two	  tactile	  interfaces,	  which	  were	  designed	  as	  part	  of	  this	  space,	  have	  been	  
described	  here.	  The	  TuneFork	  invites	  prolonged	  interaction	  via	  textures	  and	  sound	  
with	  varied	  levels	  of	  complexity	  in	  user	  behaviour.	  It	  seemed	  to	  encourage	  
motivation,	  attention	  span,	  learning	  and	  novel	  behaviour.	  The	  Impression	  Wall	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provided	  space	  to	  seek	  comforting	  self-­‐stimulus	  and	  had	  the	  potential	  to	  be	  a	  
prototype	  for	  sensory	  communication	  via	  vibrotactile	  expression.	  Neither	  design	  
elements	  interfered	  with	  the	  overall	  space	  design	  and	  feel,	  but	  were	  successful	  in	  
attracting	  engagement.	  
The	  complexity	  of	  the	  project	  and	  system	  meant	  not	  all	  the	  interaction	  design	  stages	  
were	  implemented	  and	  tested	  as	  planned	  –	  exploration	  of	  crossmodality	  and	  pattern	  
detection	  (unique	  responses)	  remained	  limited.	  The	  TuneFork,	  although	  one	  of	  the	  
most	  attractive	  elements	  in	  the	  environment	  according	  to	  user	  observation,	  is	  not	  
easily	  implemented	  in	  mainstream	  care	  settings	  due	  to	  maintenance	  issues	  (i.e.	  the	  
organic	  textures),	  and	  would	  need	  further	  development	  from	  this	  prototype	  stage.	  
The	  Impression	  Wall	  enabled	  only	  limited	  crossmodal	  action	  in	  this	  current	  
prototype,	  and	  also	  the	  mechanical	  engineering	  could	  be	  improved,	  as	  it	  was	  difficult	  
to	  set	  the	  embedded	  sensors	  off.	  
In	  the	  following	  chapter,	  the	  Haptic	  Box	  study	  will	  be	  described,	  which	  was	  based	  on	  
an	  interest	  in	  tactile	  experiences	  and	  whether	  there	  could	  be	  a	  systematic	  
investigation	  of	  tactile	  semiotics,	  similar	  to	  the	  ones	  more	  established	  in	  visual	  
design.	  The	  study	  will	  draw	  on	  the	  concept	  of	  synaesthesia	  introduced	  earlier	  and	  
employ	  a	  Semantic	  Differential,	  which	  was	  chosen	  for	  its	  ability	  to	  draw	  forth	  
meaning	  outside	  of	  linguistic	  description	  and	  teasing	  out	  tacit	  knowledge.	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4 TACTILE AFFORDANCES: HAPTIC 
BOX DESIGN AND STUDY 
4.1 Chapter	  4	  (Haptic	  Box	  Study):	  Introduction	  
In	  this	  chapter,	  the	  motivation	  and	  research	  framework	  for	  the	  Haptic	  Box	  Study	  is	  
presented	  initially,	  as	  well	  as	  a	  description	  of	  the	  research	  design	  and	  outcome.	  As	  
well	  as	  the	  relevant	  design	  practice	  described	  in	  the	  previous	  chapter,	  it	  seemed	  
necessary	  to	  explore	  the	  sense	  of	  touch	  in	  more	  focussed	  and	  specialised	  research	  
studies,	  namely	  the	  Haptic	  Box	  and	  the	  PinKom,	  the	  first	  of	  which	  will	  be	  outlined	  
here.	  Of	  particular	  interest	  here	  were	  to	  consider	  contextual	  factors	  (more	  than	  
perceptual)	  in	  terms	  of	  touch	  and	  communication,	  in	  particular	  the	  meanings	  
associated	  with	  tactile	  association,	  through	  teasing	  out	  tacit	  knowledge	  and	  
associations.	  If	  a	  clearer	  idea	  of	  a	  shared	  system	  such	  as	  ‘tactile	  semiotics’	  could	  be	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established,	  this	  can	  benefit	  the	  design	  of	  interactive	  experiences,	  in	  which	  user	  and	  
interaction	  designer	  communicate	  through	  the	  encoding	  and	  decoding	  of	  codes,	  
and/or	  the	  design	  of	  communication	  devices	  for	  Human-­‐Computer	  interaction	  or	  
computer	  mediated	  social	  interaction.	  	  
The	  Haptic	  Box	  was	  designed	  as	  a	  way	  of	  presenting	  tactile	  stimuli	  (textures)	  hidden	  
from	  view.	  This	  study,	  although	  to	  be	  seen	  as	  a	  preparatory	  research	  for	  the	  design	  
of	  technological	  devices,	  does	  not	  employ	  any	  technology	  –	  it	  uses	  original,	  analogue	  
experiences.	  The	  motivation	  for	  this	  study	  will	  be	  laid	  out	  and	  the	  methodology	  will	  
be	  described	  and	  positioned	  in	  a	  theoretical	  framework.	  The	  results	  and	  statistical	  
analysis	  will	  then	  be	  discussed,	  as	  well	  as	  recommendations	  for	  future	  research.	  	  
4.1.1 Background	  and	  Approach	  
The	  Haptic	  Box	  study	  is	  looking	  at	  meaning	  associated	  with	  tactile	  stimulation	  and	  
seeks	  to	  investigate	  the	  semantic	  link	  between	  physical	  sensation	  of	  different	  
textures	  and	  verbal	  expression.	  It	  was	  conceived	  through	  examining	  visual	  
communication	  design	  methods,	  in	  which	  semiotic	  considerations	  play	  an	  important	  
role.	  Some	  elements	  of	  visual	  communication	  and	  metaphoric	  associations	  seem	  
obvious	  and	  natural,	  almost	  common	  sense	  and	  it	  seems	  counter-­‐intuitive	  to	  
question	  them.	  For	  example,	  the	  metaphor	  of	  ‘learning	  as	  a	  journey’	  can	  be	  
deconstructed	  as	  such:	  depending	  on	  how	  the	  journey	  is	  visualised	  and	  described,	  
could	  reveal	  attitudes	  and	  beliefs	  about	  learning.	  The	  journey	  could	  be	  visualised	  as	  
a	  straight	  path	  leading	  from	  A	  to	  B.	  It	  could	  be	  a	  convoluted	  path,	  or	  it	  could	  even	  be	  
a	  labyrinth	  (Williams	  et	  al,	  2008).	  "Intuitive	  choices",	  as	  discussed	  in	  the	  semiotic	  
analysis	  of	  case	  studies	  in	  the	  previous	  chapter,	  are	  important	  to	  analyse	  as	  they	  can	  
give	  pointers	  about	  the	  sort	  of	  shared	  meaning	  of	  the	  body,	  which	  could	  then	  inform	  
design	  directions	  for	  Haptic	  devices.	  A	  consideration	  of	  signs	  and	  affordances	  reveals	  
metaphoric	  associations	  and	  concepts.	  Signs	  are	  usually	  rooted	  in	  common	  cultural	  
associations	  –	  traffic	  signs	  and	  packaging	  are	  examples.	  Affordances	  can	  be	  based	  on	  
embodied	  experiences.	  
The	  question	  in	  this	  study	  was,	  whether	  a	  system	  could	  be	  found	  and	  utilized	  to	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develop	  some	  design	  guidelines	  for	  Haptic	  Interfaces.	  The	  hypothesis	  was	  that	  
emotional	  concepts	  like	  anger	  could	  be	  represented	  by	  rough	  textures,	  love	  and	  joy	  
could	  be	  associated	  with	  soft	  and	  cuddly	  materials	  and	  that	  this	  could	  be	  quantified.	  
Although	  an	  exact	  topology	  of	  tactile	  representations	  of	  emotional	  concepts	  as	  such	  
would	  be	  unlikely,	  to	  find	  an	  underlying	  system	  such	  as	  this	  at	  work	  would	  be	  a	  
major	  research	  advance.	  
One	  can	  also	  speculate	  on	  the	  existence	  or	  learnability	  of	  a	  direct	  lexical	  relation	  
to	  other	  sensory	  mediums,	  a	  general	  kind	  of	  synaesthesia	  (a	  rare	  hot-­‐wiring	  
between	  senses	  wherein	  a	  stimulus	  to	  one	  elicits	  a	  percept	  in	  another).	  The	  
visual	  excitement	  generated	  by	  a	  hot	  colour	  like	  red,	  for	  example,	  might	  
translate	  to	  an	  abrupt,	  racing,	  hot	  haptic	  sensation.	  (MacLean,	  2000,	  p.2)	  
In	  addition	  to	  semiotically	  analysing	  Haptic	  communication	  devices,	  it	  has	  also	  been	  
deemed	  necessary	  as	  part	  of	  the	  research	  for	  this	  thesis,	  to	  apply	  a	  tool	  for	  semiotic	  
analysis	  to	  haptic	  experiences	  per	  se,	  to	  establish	  whether	  this	  could	  be	  a	  way	  of	  
producing	  quantifiable	  data	  for	  relations	  and	  associations	  which	  so	  far	  have	  been	  
tacit	  –	  to	  make	  those	  tacit	  meanings	  explicit.	  Gibson,	  in	  an	  analysis	  of	  surfaces,	  which	  
are	  our	  interface	  between	  substances	  and	  medium,	  considers	  this	  the	  most	  
important	  in	  the	  triad:	  "the	  surface	  is	  what	  touches	  the	  animal,	  not	  the	  interior"	  
(Gibson,	  1979,	  p.23).	  He	  also	  explains	  that	  the	  knowledge	  of	  the	  layout	  of	  surfaces	  
has	  been	  tacit	  and	  that	  mainly	  practical	  professions	  have	  been	  building	  this	  
knowledge	  up	  –	  builders	  and	  designers	  as	  an	  example.	  "The	  fundamental	  ways	  in	  
which	  surfaces	  are	  laid	  out	  have	  an	  intrinsic	  meaning	  for	  behaviour	  unlike	  the	  
abstract,	  intellectual	  concepts	  of	  mathematical	  space"	  (Gibson,	  1979,	  p.44).	  Chen	  et	  
al	  (2009,	  p.1)	  suggest	  there	  is	  a	  “growing	  interest	  among	  consumer	  goods	  
manufacturers”	  to	  understand	  the	  “relationships	  between	  people’s	  affective	  
responses	  and	  a	  surface’s	  topographical	  and	  material	  properties”.	  In	  their	  research,	  
they	  applied	  a	  Semantic	  Differential	  to	  investigate	  responses	  to	  37	  tactile	  textures,	  
against	  six	  word	  pairs	  (warm-­‐cold,	  slippery-­‐sticky,	  smooth-­‐rough,	  hard-­‐soft,	  bumpy-­‐
flat,	  wet-­‐dry)	  in	  a	  very	  similar	  set	  up	  as	  the	  Haptic	  Box.	  They	  also	  measured	  
perceptual	  data	  about	  the	  tactile	  texture	  and	  physical	  properties,	  such	  as	  roughness,	  
compliance,	  friction	  and	  rate	  of	  cooling	  of	  a	  finger	  when	  touching	  the	  surface.	  The	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researchers	  claim	  that	  to	  combine	  measuring	  more	  than	  one	  perceptual	  property	  at	  
once	  is	  innovative	  in	  the	  field	  of	  psychophysical	  research	  on	  textures,	  but	  is	  desirable	  
in	  terms	  of	  being	  close	  to	  the	  holistic	  experience	  of	  being-­‐in-­‐the-­‐world.	  The	  results,	  
using	  regression	  analysis	  and	  correlation	  rather	  than	  a	  component	  analysis,	  show	  
that	  it	  is	  very	  likely	  that	  ‘touch	  perceptions	  have	  relationships	  with	  more	  than	  one	  
physical	  property’.	  For	  example,	  the	  perception	  of	  warm-­‐cold	  was	  correlated	  to	  a	  
surface’s	  thermal	  property	  and	  compliance	  and	  the	  perception	  of	  slippery-­‐sticky	  was	  
related	  to	  a	  surface’s	  friction	  coefficient	  and	  compliance.	  The	  most	  surprising	  fact	  
they	  found	  was	  that	  a	  warm	  material	  is	  more	  likely	  to	  be	  experienced	  as	  soft.	  The	  
other	  interesting	  claim	  is	  that	  the	  research,	  as	  the	  authors	  say,	  has	  to	  be	  seen	  in	  its	  
context,	  as	  the	  context	  of	  what	  kind	  of	  objects	  the	  tactile	  textures	  are	  attached	  to	  
could	  mean	  differences	  in	  perception.	  
In	  the	  following	  the	  Haptic	  Box	  study	  will	  be	  described,	  which	  utilizes	  the	  Semantic	  
Differential	  tool,	  and	  goes	  some	  way	  towards	  trying	  to	  make	  tacit	  and	  intrinsic	  
meanings	  of	  tactile	  textures	  explicit.	  It	  goes	  beyond	  the	  study	  described	  above	  (Chen	  
et	  al,	  2009)	  in	  some	  way	  as	  the	  chosen	  adjectives	  include	  more	  than	  the	  physical	  
perceptual	  word	  pairs	  they	  chose.	  
4.1.2 Consideration	  of	  Methodologies	  	  
The	  following	  methodologies	  were	  considered	  appropriate	  to	  investigate	  a	  shared	  
system	  of	  meaning	  via	  touch:	  Sorting	  tasks	  (Similarity	  data	  /	  perceptual	  relations),	  
Multidimensional	  Scaling	  and	  a	  Semantic	  Differential.	  They	  will	  be	  described	  
hereafter,	  with	  an	  emphasis	  on	  the	  Semantic	  Differential,	  as	  this	  was	  the	  final	  choice	  
of	  methodology.	  
4.1.2.1 Ideas	  for	  Sorting	  Task	  
A	  test	  could	  be	  set	  up	  with	  different	  sandpaper	  grades.	  Participants	  would	  then	  be	  
asked	  to	  group	  emotions	  on	  a	  scale	  1-­‐5	  with	  sandpaper	  grades.	  The	  question	  being,	  
will	  people	  group	  the	  “bad”	  emotions	  with	  the	  “rough”	  sandpaper?	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4.1.2.2 Textures	  and	  Emotional	  Faces	  
At	  this	  point,	  it	  was	  still	  seen	  as	  desirable	  to	  involve	  children	  with	  autism	  in	  my	  
research.	  As	  part	  of	  the	  research	  for	  MEDIATE,	  new	  insights	  about	  the	  touch	  
behaviour	  of	  children	  with	  autism	  would	  have	  been	  desirable.	  It	  was	  however	  
doubtful	  what	  could	  be	  expected	  from	  such	  a	  study	  setup	  within	  the	  framework	  of	  
Art&Design.	  Apart	  from	  ethical	  consideration	  of	  such	  a	  demanding	  research	  project,	  
there	  were	  concerns	  about	  practicalities	  of	  processing	  a	  difficult	  user	  group	  with	  an	  
inexperienced	  researcher.	  Recruiting	  participants	  and	  motivating	  them	  was	  found	  to	  
be	  difficult,	  without	  the	  added	  pressure	  of	  this	  challenging	  user	  group.	  There	  were	  
concerns	  about	  their	  ability	  to	  concentrate,	  about	  general	  interest	  and	  motivation	  in	  
participating,	  but	  also	  about	  their	  ability	  to	  identify	  textures,	  verbalize	  and	  name	  
them	  as	  well	  as	  an	  ability	  to	  verbalize	  likes	  and	  dislikes	  or	  association.	  Of	  course	  
these	  are	  not	  reasons	  to	  do	  no	  research	  at	  all,	  in	  fact	  they	  could	  make	  it	  quite	  
interesting,	  but	  as	  mentioned	  before	  considerations	  of	  the	  scale	  of	  the	  project	  and	  
the	  context	  of	  the	  discipline	  and	  what	  seemed	  feasible	  discouraged	  this	  avenue	  at	  
this	  stage.	  Nevertheless,	  preliminary	  observations	  were	  performed	  within	  a	  
classroom	  for	  children	  with	  autism	  on	  a	  weekly	  basis	  for	  about	  2	  months	  (Willows	  
Nursery,	  Portsmouth,	  UK).	  There	  was	  no	  particular	  hypothesis	  to	  this	  period	  of	  
observation,	  it	  was	  more	  an	  immersion	  into	  an	  educational	  environment	  for	  children	  
with	  autism,	  to	  get	  a	  ‘feel’	  as	  to	  what	  kind	  of	  challenging	  behaviours	  and	  what	  kind	  
of	  creative	  behaviour	  they	  may	  display.	  Although	  some	  of	  these	  are	  widely	  described	  
in	  the	  literature,	  every	  child	  is	  different,	  to	  really	  develop	  a	  design	  rationale	  for	  
MEDIATE	  and	  possibly	  for	  a	  research	  study	  involving	  these	  children,	  it	  seemed	  
necessary	  not	  just	  to	  rely	  on	  textual	  descriptions.	  	  To	  visit	  these	  children	  and	  talk	  to	  
their	  teachers	  was	  therefore	  useful	  in	  phenomenologically	  building	  up	  a	  picture	  of	  
this	  user	  group	  by	  observation.	  In	  terms	  of	  the	  MEDIATE	  design	  this	  was	  certainly	  
useful	  as	  a	  way	  to	  develop	  a	  ‘feel’	  for	  the	  needs	  of	  this	  user	  group.	  
As	  part	  of	  this	  strand	  of	  research	  with	  children,	  using	  sorting	  tasks	  had	  also	  been	  
considered,	  investigating	  a	  link	  between	  emotions	  and	  tactile	  experiences.	  This	  was	  
inspired	  by	  a	  study	  looking	  at	  whether	  children	  with	  autism	  can	  perceive	  affect	  
within	  music	  (Heaton	  et	  al,	  1999).	  In	  this	  paper,	  it	  is	  described	  that	  children	  with	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autism	  are	  generally	  considered	  to	  “show	  impairment	  in	  processing	  affective	  
information”	  and	  music	  is	  “characteristically	  rich	  in	  emotional	  content”.	  It	  is	  
therefore	  interesting	  to	  note,	  that	  the	  children	  with	  autism	  showed	  absolutely	  no	  
difference	  to	  the	  control	  group	  in	  matching	  smiley	  and	  sad	  faces	  with	  fragments	  of	  
music	  played	  in	  the	  major	  or	  minor	  mode.	  	  
This	  could	  work,	  and	  be	  extended	  to	  tactile	  experiences.	  In	  the	  sorting	  task,	  abstract	  
symbols	  of	  feelings	  (faces)	  and	  objects	  or	  textures	  to	  feel	  would	  have	  to	  be	  provided.	  
The	  children	  -­‐	  a	  group	  with	  autism,	  and	  a	  control	  group	  consisting	  of	  children	  
without	  any	  diagnosis	  -­‐	  sort	  the	  visual	  symbols	  and	  haptic	  elements	  into	  pairs.	  This	  
matching	  of	  representations	  of	  feelings	  with	  objects	  or	  textures	  could	  show	  if	  they	  
associate	  tactile	  experiences	  with	  feelings	  or	  objects,	  and	  in	  fact	  what	  sort	  of	  links	  
would	  be	  preferred.	  The	  test	  scenario	  should	  be	  game-­‐like	  and	  intuitive;	  the	  children	  
should	  not	  feel	  as	  though	  they	  are	  being	  tested	  for	  knowledge.	  In	  the	  end,	  because	  
the	  general	  field	  of	  the	  relationship	  of	  affect	  and	  tactile	  experiences	  is	  under-­‐
researched,	  it	  did	  not	  seem	  a	  good	  idea	  to	  start	  with	  a	  user	  group	  who	  may	  or	  may	  
not	  even	  understand	  the	  visual	  symbols	  or	  indeed	  the	  task	  itself.	  It	  was	  decided,	  for	  
the	  research	  in	  this	  thesis,	  to	  not	  limit	  the	  constraints	  of	  people	  taking	  part	  in	  my	  
research,	  as	  to	  firstly	  build	  up	  a	  basic	  idea	  of	  these	  relationships	  between	  affect	  and	  
touch.	  However,	  for	  potential	  future	  research	  this	  group	  is	  still	  very	  interesting,	  
particularly	  because	  of	  the	  partial	  non-­‐reliance	  on	  verbal	  communication.	  
4.1.2.3 Multidimensional	  Scaling	  
Multidimensional	  scaling	  seeks	  statistical	  data	  by	  grouping	  perceptual	  similarities	  
and	  dissimilarities,	  into	  a	  Euclidean	  space.	  The	  input	  data	  is	  generated	  by	  asking	  
participants	  to	  rate	  their	  experiences	  on	  a	  Likert	  scale	  from	  one	  to	  seven	  (from	  very	  
similar	  to	  very	  dissimilar).	  “Interpretation	  of	  the	  dimensions	  can	  lead	  to	  an	  
understanding	  of	  the	  processes	  underlying	  the	  perceived	  nearness	  of	  entities”	  (Deun	  
&	  Delbeke,	  2000).	  The	  advantage	  many	  people	  see	  in	  using	  MDS,	  is	  the	  fact	  that	  the	  
underlying	  dimensions	  about	  the	  similarity	  of	  concepts	  (or	  stimuli)	  comes	  purely	  
from	  the	  research	  participants,	  whereas	  with	  other	  techniques	  such	  as	  Factor	  
Analysis,	  the	  researchers	  has	  to	  identify	  which	  dimensions	  to	  highlight.	  Hollins	  et	  al	  
in	  their	  investigation	  of	  people’s	  perception	  of	  17	  tactile	  stimuli,	  such	  as	  wood,	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sandpaper	  and	  velvet	  in	  terms	  of	  roughness,	  hardness,	  slipperiness,	  bumpiness	  and	  
warmth.	  They	  used	  MDS	  and	  found	  the	  dimensions	  of	  roughness-­‐smoothness	  and	  
hardness-­‐softness	  to	  be	  robust	  and	  orthogonal	  dimensions.	  In	  their	  efforts	  to	  design	  
perceivable	  haptic	  icons,	  MacLean	  and	  her	  researchers	  strove	  to	  investigate	  
parameters	  which	  could	  act	  as	  building	  blocks	  to	  design	  salient	  haptic	  stimulus,	  
carrying	  a	  wealth	  of	  distinct	  information	  (MacLean	  &	  Enriquez,	  2003).	  In	  order	  to	  do	  
this,	  they	  were	  inspired	  by	  auditory	  research,	  where	  in	  a	  similar	  approach	  to	  develop	  
icons	  for	  the	  ear,	  or	  Earcons,	  the	  use	  of	  multi-­‐dimensional	  scaling	  was	  employed	  to	  
find	  independent	  axes	  for	  timbre	  (Brewster	  et	  al,	  1995).	  Auditory	  icons	  are	  
comparable	  and	  compatible	  with	  Haptic	  icons,	  as	  in	  both	  sensory	  modes	  information	  
is	  best	  presented	  sequentially.	  	  MacLean	  and	  her	  colleagues	  specifically	  work	  with	  
artificially	  created	  stimuli,	  rather	  than	  ‘real’	  textures,	  they	  argue	  that	  this	  is	  more	  
efficient	  in	  really	  controlling	  and	  determining	  the	  perceivable	  parameters	  they	  need	  
to	  synthetically	  design	  these	  for	  technology-­‐mediated	  experiences.	  This	  reductionist	  
approach	  was	  not	  applicable	  for	  the	  research	  for	  this	  thesis,	  as	  stated	  before,	  a	  
holistic	  and	  inclusive	  exploration	  of	  the	  design	  space,	  encompassing	  cultural	  and	  
social	  communicative	  aspects,	  rather	  than	  just	  psychophysical	  ones	  (in	  this	  case,	  
perception	  of	  similarities)	  was	  called	  for.	  	  
4.1.2.4 Semantic	  Differential:	  Synaesthetic	  relationships	  	  
In	  this	  section	  the	  Semantic	  Differential	  will	  be	  introduced,	  as	  a	  tool	  to	  investigate	  
haptic	  experiences.	  This	  has	  been	  chosen	  as	  the	  methodology	  for	  the	  Haptic	  Box	  
study,	  because	  of	  the	  way	  it	  enables	  the	  investigation	  of	  tacit	  understandings:	  "We	  
have	  incidental	  evidence	  that	  a	  semantic	  differential	  can	  tease	  out	  nuances	  in	  
meaning	  which	  are	  clearly	  felt	  but	  hard	  to	  verbalize	  deliberately"	  (Osgood,	  1967).	  
With	  the	  Semantic	  Differential,	  attributes	  of	  concepts	  are	  rated,	  rather	  than	  their	  
perceptual	  similarities	  and	  dissimilarities.	  As	  I	  am	  more	  interested	  in	  the	  meaning	  
and	  relationship	  between	  words,	  mental	  concepts	  and	  tactile	  experiences,	  it	  did	  not	  
seem	  necessary	  to	  restrict	  the	  research	  to	  purely	  perceptual	  stimuli.	  The	  Semantic	  
Differential	  is	  interesting	  as	  a	  tool	  to	  investigate	  haptic	  meaning,	  because	  it	  has	  its	  
origins	  in	  Synaesthesia	  research.	  Synaesthesia	  is	  defined	  by	  Warren	  in	  his	  Dictionary	  
of	  Psychology	  as:	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A	  phenomenon	  characterizing	  the	  experiences	  of	  certain	  individuals,	  in	  which	  
certain	  sensations	  belonging	  to	  one	  sense	  or	  mode	  attach	  to	  certain	  sensations	  
of	  another	  group	  and	  appear	  regularly	  whenever	  a	  stimulus	  of	  the	  latter	  type	  
occurs.	  (Warren,	  1934,	  p.270)	  
Some	  people	  may	  see	  certain	  colours	  when	  listening	  to	  music	  and	  research	  showed	  
that	  this	  not	  only	  happens	  in	  a	  certain	  group	  of	  people	  who	  are	  clearly	  Synaesthetes,	  
but	  that	  it	  is	  a	  fairly	  common	  phenomenon.	  We	  can	  therefore	  assume	  that	  it	  is	  not	  
always	  just	  some	  "neural	  short-­‐circuiting",	  but	  has	  deeper	  implications	  for	  human	  
perception	  and	  thinking.	  
The	  process	  of	  metaphor	  in	  language	  as	  well	  as	  in	  colour-­‐music	  synaesthesia	  can	  
be	  described	  as	  the	  parallel	  alignment	  of	  two	  or	  more	  dimensions	  of	  experience,	  
defined	  verbally	  by	  pairs	  of	  polar	  opposites,	  with	  translations	  occurring	  between	  
equivalent	  portions	  of	  the	  continua.	  (Osgood,	  1967,	  p.	  34)	  
In	  a	  study	  with	  students	  from	  Dartmouth,	  about	  13	  percent	  were	  shown	  to	  regularly	  
see	  colour	  and	  music	  together.	  Fast,	  exciting	  music	  would	  be	  visualized	  as	  sharp,	  
bright,	  red	  and	  slow,	  melancholic	  music	  would	  be	  visualized	  as	  slow-­‐moving	  'blobs',	  
sombre	  hue	  and	  heavy,	  blue	  and	  dark.	  There	  is	  an	  evident	  relationship	  of	  this	  
phenomenon	  to	  verbal	  metaphor	  -­‐	  like	  Osgood	  points	  out:	  "A	  happy	  man	  is	  said	  to	  
feel	  'high',	  a	  sad	  man	  feels	  'low';	  the	  pianist	  travels	  'up'	  and	  'down'	  the	  scale	  from	  
treble	  to	  bass;	  souls	  travel	  'up'	  to	  the	  good	  place	  and	  'down'	  to	  the	  bad	  place;	  hope	  
is	  'white'	  and	  despair	  is	  'black'"	  (Osgood,	  1976).	  Osgood	  first	  came	  into	  contact	  with	  
these	  ideas	  when	  he	  studied	  under	  Theodore	  F.	  Karwoski,	  who	  "had	  the	  notion	  of	  
parallel	  polarity"	  among	  dimensions	  of	  experience	  (e.g.	  visual	  bright-­‐dark	  and	  
auditory	  loud-­‐soft)	  and	  conceived	  of	  synaesthesia	  as	  translation	  across	  equivalent	  
portions	  of	  the	  dimensions	  thus	  made	  parallel"	  (Osgood,	  1969)	  which	  is,	  by	  Osgood's	  
own	  admission,	  a	  more	  complex	  and	  complete	  way	  to	  describe	  the	  process	  of	  
metaphor	  in	  language.	  Interestingly,	  this	  phenomenon	  is	  also	  described	  by	  Johnson,	  
who	  calls	  this	  'image	  schemata'	  (Johnson,	  1987)	  and	  believes	  these	  relationships	  to	  
be	  based	  on	  bodily	  experience.	  It	  is	  perhaps	  unfortunate	  to	  use	  the	  prefix	  'image'	  as	  
this	  reiterates	  the	  visual	  as	  the	  dominant	  sense,	  which	  may	  not	  be	  entirely	  the	  case.	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In	  a	  review	  of	  Osgood's	  Measurement	  of	  Meaning,	  Carroll	  points	  out	  similarly	  that	  
one	  should	  be	  careful	  to	  call	  the	  process	  of	  meaning	  as	  mediated	  responses	  an	  
'image'	  or	  'idea'	  -­‐	  but	  rather	  "some	  sort	  of	  interesting	  internal	  process	  which	  arises	  in	  
all	  conditioning	  of	  'significates'	  to	  'signs'"	  (Carroll,	  1959).	  In	  fact,	  Johnson	  himself	  
sates	  that	  "image	  schemata"	  can	  transcend	  any	  sense	  modality,	  i.e.	  be	  tactile	  and	  
kinaesthetic,	  but	  that	  the	  visual	  seems	  to	  predominate.	  So,	  when	  looking	  for	  
metaphors	  to	  use	  in	  design	  for	  the	  haptic	  sense,	  it	  should	  be	  simple	  -­‐	  anything	  we	  
can	  experience,	  and	  have	  experienced,	  should	  work	  as	  an	  element	  of	  
communication.	  If	  all	  metaphor	  has	  a	  bodily	  basis,	  then	  when	  we	  design	  for	  the	  
haptic	  modality,	  every	  haptic	  experience	  that	  we	  can	  draw	  some	  meaning	  from,	  can	  
serve	  as	  a	  metaphor	  with	  which	  to	  design.	  
There	  had	  been	  some	  investigations	  by	  Osgood	  whether	  these	  embodied	  
commonalities	  between	  people’s	  experience	  and	  inner	  world	  is	  a	  cultural	  system	  or	  
something	  fundamental	  to	  human	  experience.	  In	  this	  research,	  he	  looked	  at	  field	  
reports	  on	  five	  quite	  widely	  separated	  primitive	  cultures	  which	  had	  shown	  that	  the	  
phenomenon	  of	  transferring	  sensory	  knowledge	  to	  semantic	  understanding	  is	  
probably	  cross-­‐cultural	  and	  fundamental,	  as	  there	  were	  some	  general	  relationships	  
on	  semantic	  parallelism	  -­‐	  "good	  gods,	  places,	  social	  positions	  etc.	  were	  regularly	  up	  
and	  light	  (white)	  in	  relation	  to	  bad	  things,	  which	  were	  down	  and	  dark	  (black)"	  
(Osgood,	  1967).	  	  
The	  interesting	  thing	  about	  the	  Semantic	  Differential	  is	  the	  fact	  that	  even	  though	  it	  
uses	  words	  as	  a	  tool	  to	  tease	  out	  meanings,	  it	  works	  on	  a	  much	  subtler	  level	  that	  is	  
not	  restrained	  by	  the	  individual's	  ability	  to	  linguistically	  express	  their	  sensations	  after	  
introspection.	  It	  was	  also	  designed	  to	  tackle	  the	  fact	  that	  spontaneous	  linguistic	  
output	  is	  valid	  and	  sensitive,	  but	  not	  so	  suitable	  for	  quantification.	  As	  the	  research	  
climate	  in	  those	  days	  demanded	  quantifiable	  results,	  (Osgood	  et	  al,	  1957)	  devised	  
the	  Semantic	  Differential.	  Osgood,	  Suci	  and	  Tannenbaum	  in	  the	  “Nature	  and	  
Measurement	  of	  Meaning”	  performed	  a	  factor	  analysis	  to	  devise	  a	  scaling	  
instrument,	  which	  gives	  representation	  to	  the	  major	  dimensions	  along	  which	  
meaningful	  reactions	  of	  judgements	  vary.	  They	  arrived	  at	  identifying	  the	  factors	  
evaluative	  (good-­‐bad,	  beautiful-­‐ugly,	  sweet-­‐sour,	  clean-­‐dirty	  etc.),	  potency	  (large-­‐
	  
	  155	  
small,	  strong-­‐weak,	  heavy-­‐light,	  thick-­‐thin	  etc.)	  and	  activity	  (fast-­‐slow,	  active-­‐passive,	  
hot-­‐cold).	  There	  are	  some	  scales	  on	  the	  latter	  two	  dimensions,	  which	  also	  score	  
highly	  on	  the	  evaluative	  dimensions	  which	  Osgood	  et	  al	  put	  down	  to	  possibly	  a	  
cultural	  semantic	  bias	  to	  interpret	  scales	  like	  strong	  and	  active	  as	  positive	  (good)	  The	  
Semantic	  Differential	  (SD)	  was	  therefore	  a	  highly	  relevant	  choice	  to	  tease	  out	  non-­‐
verbal	  meanings	  associated	  with	  haptic	  stimuli.	  The	  concepts	  rated	  with	  an	  SD	  are	  
normally	  words	  or	  images,	  but	  could	  be	  used	  for	  much	  more	  than	  that.	  To	  apply	  this	  
test	  to	  feeling	  textures	  is	  an	  innovation	  and	  extension	  of	  this	  range.	  As	  there	  were	  no	  
applicable	  preceding	  experiments	  to	  work	  from,	  the	  setup	  of	  the	  Haptic	  Box	  study	  
for	  this	  thesis	  required	  various	  iterations	  in	  the	  design	  of	  the	  experimental	  
procedure	  and	  look,	  feel	  and	  accessibility	  of	  elements.	  
4.2 Haptic	  Box:	  Development	  of	  Study	  
The	  development	  of	  the	  overall	  methodology	  and	  the	  design	  of	  all	  the	  related	  
elements	  will	  be	  described	  here.	  Three	  elements	  had	  to	  be	  designed:	  the	  Semantic	  
Differential,	  the	  Haptic	  Box	  and	  the	  materials	  presented	  within,	  as	  well	  as	  a	  
questionnaire	  to	  be	  filled	  out	  afterwards.	  
4.2.1 The	  Semantic	  Differential	  (SD)	  (Development)	  
A	  Semantic	  Differential	  scale	  was	  created.	  It	  is	  mainly	  seen	  as	  useful	  to	  tease	  out	  
tacit	  understandings,	  which	  are	  difficult	  to	  verbally	  describe.	  It	  is	  more	  often	  used	  to	  
gage	  the	  concept	  of	  a	  word,	  sometimes	  images,	  and	  now	  for	  the	  first	  time	  to	  
understand	  more	  about	  tactile	  experiences.	  Semantic	  Differentials	  were	  developed	  
to	  show	  the	  semantic	  link	  between	  a	  subject’s	  attitudes,	  perceptions	  and	  the	  tested	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object.	  To	  ensure	  the	  choice	  on	  the	  scale	  and	  the	  assessment	  of	  a	  given	  texture	  were	  
as	  related	  as	  possible,	  I	  decided	  the	  process	  would	  be	  that	  the	  subjects	  use	  the	  
Haptic	  Box	  and	  fill	  out	  the	  SD	  simultaneously.	  While	  subjects	  feel	  the	  provided	  
texture	  with	  their	  preferred	  hand,	  they	  are	  then	  asked	  to	  choose	  a	  point	  on	  each	  
word	  pair	  scale	  most	  appropriate	  to	  what	  they	  are	  feeling	  and	  touching.	  The	  method	  
is	  to	  attribute	  the	  qualities	  of	  the	  texture	  felt	  on	  a	  seven-­‐point	  scale	  towards	  the	  
adjective.	  With	  the	  non-­‐active	  hand	  they	  hold	  a	  pen	  to	  rate	  their	  experience	  on	  a	  
scale	  from	  one	  to	  seven.	  
4.2.1.1 Selecting	  Adjectives	  
	   	   	  
Fig	  37	   Adjectives	  that	  would	  
ideally	  have	  been	  used	  
Fig	  38	   Developing	  list	  of	  adjectives	  for	  the	  Semantic	  Differential	  
Initially,	  I	  had	  thought	  that	  I	  could	  choose	  my	  own	  adjectives	  according	  to	  what	  I	  
thought	  was	  more	  appropriate.	  That	  of	  course	  would	  not	  have	  been	  part	  of	  a	  
quantifiable	  result.	  The	  adjectives	  had	  been	  established	  by	  Osgood	  et	  al	  as	  significant	  
and	  therefore	  need	  to	  be	  adhered	  to.	  Ideally	  though,	  these	  were	  the	  adjectives	  or	  
word	  pairs	  I	  would	  have	  liked	  to	  use,	  were	  love-­‐hate,	  anger-­‐joy,	  safe-­‐dangerous,	  
control-­‐free,	  historic-­‐futuristic	  and	  urban-­‐rural	  (figure	  37).	  I	  still	  like	  the	  selection	  of	  
words	  –	  they	  particularly	  express	  areas	  in	  which	  I	  was	  interested	  –	  like	  emotional	  
loadings	  (love,	  safe,	  control),	  but	  also	  semiotic	  loadings	  of	  materials,	  which	  could	  be	  
useful	  in	  architecture,	  interior	  design	  or	  film	  productions	  (futuristic,	  urban).	  	  In	  
hindsight,	  this	  selection	  is	  obviously	  coloured	  by	  one	  researcher's	  bias	  and	  would	  
have	  very	  likely	  pre-­‐determined	  the	  outcome.	  I	  therefore	  had	  to	  select	  word	  pairs	  
from	  established	  research,	  to	  represent	  several	  dimensions.	  The	  word	  pairs	  were	  
then	  mixed	  up	  to	  make	  a	  list	  of	  12.	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The	  semantic	  differential	  designed	  for	  the	  Haptic	  box	  study	  consists	  of	  12	  polarized	  
word	  pairs	  (i.e.	  hot	  and	  cold)	  selected	  from	  three	  grouped	  dimensions:	  activity,	  
potency	  and	  evaluation.	  These	  dimensions	  are	  groups	  of	  established	  word	  pairs,	  
which	  Osgood	  et	  al	  determined	  as	  significant	  in	  their	  research.	  The	  word	  pairs	  
participants	  could	  choose	  from	  were:	  
Pleasant • • • • • • • Unpleasant (evaluative) 
Active • • • • • • • Passive (activity) 
Rugged • • • • • • • Delicate (potency/evaluative) 
Foul • • • • • • • Fragrant (evaluative) 
Heavy • • • • • • •  Light (potency) 
Hot • • • • • • • Cold (activity) 
Sweet • • • • • • • Bitter (evaluative) 
Relaxed • • • • • • • Tense (activity) 
Strong • • • • • • • Weak (potency) 
Valuable • • • • • • • Worthless (evaluative)	  
Cowardly • • • • • • • Brave (potency/evaluative) 
Young • • • • • • • Old (potency)	  
Fig	  39	   Word	  pairs	  chosen	  for	  the	  Semantic	  Differential	  in	  this	  study	  
These	  pairs	  were	  taken	  from	  established	  Semantic	  Differential	  scales	  and	  chosen	  
specifically	  to	  be	  relevant	  to	  explore	  associations	  with	  these	  particular	  textures.)	  
They	  were	  chosen	  to	  represent	  all	  3	  dimensions	  in	  varying	  order.	  The	  words	  were	  
also	  swapped	  from	  their	  original	  presentation	  to	  ensure	  no	  pattern	  was	  visible	  (i.e.	  
"weak	  -­‐	  strong"	  was	  presented	  as	  "strong	  -­‐	  weak").	  Some	  of	  the	  word	  pairs	  rate	  on	  
two	  dimensions,	  as	  in	  'rugged-­‐delicate'	  for	  example,	  which	  rate	  on	  evaluative	  and	  on	  
potency.	  "The	  noticeable	  tendency	  for	  both	  activity	  and	  power	  to	  be	  associated	  with	  
positive	  evaluation	  (…)	  is	  probably	  a	  cultural	  semantic	  bias"	  (Osgood	  &	  Suci,	  1955).	  
4.2.2 The	  Questionnaire	  (Development)	  
A	  questionnaire	  about	  touch	  memories	  and	  associations	  was	  designed	  in	  order	  to	  
gain	  insight	  into	  the	  subject’s	  touch	  awareness	  –	  this	  was	  to	  be	  filled	  out	  after	  the	  
Haptic	  Box	  experience.	  It	  was	  intended	  to	  be	  an	  opportunity	  to	  gain	  a	  richer	  insight	  
into	  the	  individual’s	  touch	  sensitivities	  and	  personal	  affordances	  by	  giving	  
participants	  an	  opportunity	  to	  freely	  relate	  and	  volunteer	  experiences	  and	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associations	  they	  may	  have,	  without	  having	  to	  stick	  to	  attributes	  and	  scales	  chosen	  
by	  the	  researcher.	  
Question	  1:	  	  "Which	  semantic	  scale	  did	  you	  consider	  most	  irrelevant	  for	  textures?"	  
As	  participants	  will	  have	  their	  own	  criteria	  developed	  for	  choosing	  points	  on	  the	  
scales	  which	  could	  seem	  denotative	  or	  connotative	  -­‐	  the	  reasons	  behind	  choosing	  
them	  or	  understanding	  them	  in	  a	  certain	  way	  would	  be	  down	  to	  the	  individual.	  In	  
asking	  the	  participants	  to	  describe	  the	  most	  irrelevant	  scale	  for	  them,	  some	  insight	  
could	  be	  gained	  whether	  this	  is	  something	  everybody	  had	  in	  common	  and	  this	  scale	  
could	  therefore	  be	  considered	  as	  not	  so	  useful	  in	  researching	  tactile	  experiences.	  
Question	  2:	  "What	  kind	  of	  feelings	  do	  you	  associate	  with	  textures?"	  
This	  was	  directly	  relating	  to	  the	  sort	  of	  emotions	  a	  tactile	  experience	  could	  inspire.	  It	  
was	  directly	  referring	  to	  the	  research	  question	  of	  tactile	  semiotics,	  whether	  certain	  
textures	  had	  certain	  affective	  or	  mental	  concepts	  attached	  to	  them	  (i.e.	  a	  rough	  
texture	  for	  a	  rough	  feeling).	  	  
Question	  3:	  "List	  a	  few	  -­‐	  or	  just	  one-­‐	  of	  your	  memories,	  where	  touch	  played	  an	  
important	  part"	  
This	  was	  to	  enquire	  more	  generally	  about	  the	  role	  touch	  plays	  in	  this	  particular	  
individual's	  life.	  I	  was	  interested	  to	  see	  whether	  people	  would	  share	  similar	  
memories	  where	  touch	  had	  been	  important,	  but	  also	  in	  the	  kind	  of	  memories	  
described.	  How	  important	  would	  touch	  be	  to	  people,	  regarding	  they	  are	  
remembering	  it.	  
Question	  4:	  "In	  your	  touch	  memory,	  was	  there	  anything	  being	  communicated	  to	  
you?"	  
This	  was	  intended	  to	  find	  out	  whether	  people	  use	  touch	  in	  communication	  and	  how.	  
What	  potential	  for	  communication	  does	  the	  haptic	  sense,	  and	  how	  does	  this	  
manifest	  itself	  in	  life	  situations?	  




This	  question	  was	  inspired	  by	  statements	  from	  Haptics	  researchers	  about	  the	  
communicative	  potential	  of	  touch	  being	  intense,	  but	  limited	  when	  it	  came	  to	  precise	  
information	  like	  numbers.	  It	  was	  claimed	  touch	  was	  good	  for	  the	  communication	  of	  
primal	  and	  affective	  content,	  as	  this	  is	  more	  fuzzy	  and	  vague	  and	  does	  not	  have	  to	  
rely	  on	  a	  distinct	  information	  transmission.	  
At	  the	  end	  of	  the	  questionnaire	  sheet,	  there	  was	  a	  box	  inviting	  comments	  from	  the	  
participants	  at	  the	  end	  of	  the	  experiment.	  	  
4.2.3 The	  Box	  (Development)	  
	  
	  
Fig	  40	   The	  first	  design	  of	  the	  Haptic	  Box	  	   Fig	  41	   Haptic	  Box	  materials	  
My	  intention	  was	  that	  the	  Haptic	  Box	  would	  be	  a	  simple	  cardboard	  box	  in	  which	  
different	  surfaces	  and	  textures	  could	  be	  felt	  with	  either	  hand,	  while	  vision	  is	  
obstructed.	  The	  first	  design	  iteration	  had	  a	  top	  lid	  and	  two	  openings	  for	  hands	  to	  
enter.	  The	  top	  lid	  was	  necessary	  so	  that	  during	  the	  experiment,	  the	  texture	  in	  the	  
box	  could	  be	  changed	  without	  the	  subject	  seeing	  this.	  If	  the	  test	  subject	  saw	  the	  
texture	  beforehand,	  this	  would	  have	  influenced	  and	  predetermined	  the	  
expectations,	  associations	  and	  perception.	  The	  Haptic	  Box's	  fundamental	  design	  
issue	  was	  to	  provide	  a	  tactile	  stimulation	  only	  experience.	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4.2.4 Selection	  of	  Textures	  
Most	  of	  the	  materials	  I	  used	  had	  a	  flat	  surface,	  so	  where	  possible,	  they	  are	  mounted	  
on	  an	  A5	  card.	  The	  materials	  were	  selected	  to	  include	  organic	  and	  synthetic	  types	  
and	  to	  differ	  in	  terms	  of	  roughness	  and	  smoothness.	  Some	  of	  the	  natural	  materials	  
are	  completely	  untreated	  (i.e.	  no	  varnish).	  They	  are	  selected	  from	  a	  stock	  of	  
materials	  gathered	  and	  collected	  over	  a	  period	  of	  time	  for	  their	  strong	  connotative	  
identity/connection	  to	  a	  certain	  surface,	  item	  or	  material.	  People	  can	  recognize	  
different	  classes	  of	  materials,	  and	  due	  to	  conductivity,	  different	  materials	  with	  same	  
temperature	  can	  feel	  warm	  or	  cold	  (wool,	  iron).	  Also,	  texture	  influences	  this	  
conductivity,	  so	  a	  textured	  surface	  will	  feel	  warmer	  than	  a	  smooth	  surface	  of	  the	  
same	  material.	  Hands	  can	  also	  knock	  or	  slap	  the	  material	  to	  receive	  vibratory	  and	  
sound	  feedback	  which	  helps	  determine	  what	  the	  material	  is,	  this	  could	  be	  called	  the	  
acoustic	  structure	  of	  material	  as	  (Ulbricht,	  1988)	  describes	  in	  his	  examination	  of	  the	  
human	  hand.	  
On	  the	  whole,	  the	  selection	  process	  was	  done	  largely	  intuitively	  but	  with	  some	  
obvious	  implicit	  criteria.	  Firstly,	  there	  had	  to	  be	  a	  variation	  in	  tactile	  stimuli,	  as	  in	  
rough/smooth	  in	  varying	  degrees,	  sticky,	  responsive.	  The	  textures	  were	  also	  chosen	  
to	  represent	  natural	  and	  manmade	  materials.	  Other	  criteria	  included	  being	  able	  to	  
be	  presented	  fairly	  flat	  on	  cardboard	  and	  being	  fairly	  stable	  to	  survive	  handling	  
without	  disintegrating	  (i.e.	  moss	  was	  rejected	  for	  this	  reason).	  It	  should	  not	  have	  too	  
many	  other	  sensory	  stimuli,	  like	  having	  a	  strong	  smell	  –	  this	  was	  true	  for	  mainly	  the	  
organic,	  very	  natural	  textures.	  The	  materials	  should	  have	  some	  distinct	  quality	  that	  
made	  them	  different	  from	  each	  other.	  They	  are	  also	  all	  fairly	  basic	  materials,	  apart	  
from	  felt	  and	  plastic	  being	  synthetic;	  none	  of	  the	  textures	  have	  been	  patched	  up	  or	  
mixed	  on	  one	  card.	  Some	  of	  them	  do	  display	  different	  shapes/3D	  appearance,	  but	  
this	  quality	  was	  not	  a	  selection	  criterion.	  The	  materials	  all	  display	  different	  
malleability	  and	  react	  to	  manipulation	  differently	  –	  this	  was	  not	  a	  selection	  criterion,	  
but	  turns	  out	  to	  be	  a	  potential	  evaluative	  one.	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4.3 Haptic	  Box:	  Pilot	  Study	  
A	  pilot	  study	  was	  performed	  with	  11	  subjects	  using	  the	  Haptic	  Box.	  As	  well	  as	  
enabling	  initial	  ideas	  and	  pointers	  about	  the	  resulting	  data,	  this	  was	  also	  useful	  in	  re-­‐
assessing	  the	  methodology	  and	  set	  up	  of	  the	  study;	  henceforth	  some	  minor	  changes	  
to	  the	  process	  were	  put	  into	  place.	  
4.3.1 Interim	  Results	  	  
A	  basic	  data	  analysis	  was	  performed	  by	  hand-­‐drawing	  and	  layering	  subjects’	  choices	  
onto	  materials’	  profiles.	  With	  different	  coloured	  pens,	  a	  subject’s	  path	  of	  choosing	  
points	  on	  the	  scales	  were	  re-­‐created,	  with	  all	  11	  subjects’	  choices	  on	  one	  sheet,	  for	  
one	  material	  respectively	  (figure	  42	  shows	  two	  examples).	  For	  better	  legibility,	  an	  
info	  graphic	  was	  created	  showing	  the	  results	  for	  two	  of	  the	  textures	  that	  seemed	  to	  
diverge	  the	  most	  when	  comparing	  their	  profiles:	  tree	  fungus	  and	  plastic	  (figure	  43).	  
Each	  rectangular	  block	  represents	  one	  person	  choosing	  a	  point	  on	  the	  scale	  (from	  
one	  to	  seven).	  This	  visual	  way	  of	  representing	  results	  is	  an	  accessible	  way	  of	  
displaying	  the	  data,	  creating	  opportunity	  for	  some	  initial	  observations	  about	  the	  data	  
set	  overall.	  It	  is	  however	  merely	  a	  graphic	  representation,	  rather	  than	  the	  result	  of	  a	  
statistical	  analysis.	  




	   	  
Fig	  42	   Semantic	  Differential	  data	  collected	  from	  11	  participants:	  Tree	  Fungus	  (left)	  and	  Plastic	  (right)	  
	  
Fig	  43	   
	  Infographic	  of	  Semantic	  Differential	  data	  (11	  participants):	  Tree	  Fungus	  (l)	  and	  Plastic	  (r)	  –	  each	  block	  
represents	  one	  person	  choosing	  a	  point	  on	  the	  scale	  
4.3.1.1 Organic	  /	  Synthetic	  Materials	  
From	  this	  pilot	  study,	  noticeably	  it	  seems	  that	  the	  most	  correlation	  between	  subjects	  
is	  over	  the	  materials	  that	  are	  the	  most	  organic	  and	  natural.	  The	  organic	  materials	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Birch	  Bark,	  Tree	  Fungus	  and	  Silk	  show	  considerable	  overlap	  when	  the	  semantic	  
scales	  were	  collated.	  On	  the	  material	  profile	  (left	  of	  figure	  43)	  it	  is	  visible	  that	  most	  
participants	  of	  the	  pilot	  study	  demonstrated	  consistent	  agreement	  on	  experiencing	  
the	  organic	  textures,	  represented	  by	  a	  visual	  profile,	  which	  is	  fairly	  narrow	  in	  places	  
and	  displays	  high	  peaks	  (meaning	  many	  of	  the	  subjects	  chose	  the	  same	  point	  on	  the	  
scale).	  On	  the	  other	  hand,	  some	  of	  the	  synthetic	  textures	  show	  less	  convergence,	  as	  
almost	  all	  available	  points	  on	  the	  scale	  had	  been	  chosen	  by	  one	  person	  or	  another,	  
represented	  by	  a	  wide	  profile	  with	  low	  peaks	  (right	  of	  figure	  43).	  Based	  on	  this	  initial	  
visual	  comparison,	  it	  seems	  the	  more	  artificial	  the	  material,	  the	  less	  agreement	  
between	  participants	  on	  the	  scales	  they	  picked.	  Looking	  at	  this	  in	  terms	  of	  the	  
Semantic	  Differential,	  it	  would	  have	  to	  follow	  that	  on	  these	  artificial	  textures	  the	  
meaning	  people	  derive	  diverges	  greatly.	  One	  explanation	  for	  this	  convergence	  could	  
be	  the	  bodily	  foundation	  of	  experience,	  and	  in	  particular	  the	  settings	  in	  which	  we	  
meet	  organic	  materials	  (Tree	  Fungus,	  Bark).	  The	  context	  in	  which	  we	  are	  introduced	  
to	  these	  textures	  tends	  to	  be	  similar	  for	  every	  person,	  providing	  similar	  bodily	  
experiences,	  which	  may	  cause	  us	  to	  develop	  shareable	  associations.	  When	  touching	  
a	  tree	  for	  example,	  there	  will	  be	  memories	  and	  associations	  about	  where	  we	  were,	  
what	  we	  saw,	  what	  we	  smelt,	  i.e.	  a	  natural	  environment	  involving	  flora	  and	  fauna,	  
like	  a	  forest	  or	  field.	  Experiences	  of	  spatiality,	  textures	  and	  other	  perceptual	  
dimensions	  are	  formed	  at	  this	  point.	  On	  the	  basis	  of	  this,	  then,	  later	  in	  life	  we	  
develop	  metaphorical	  and	  more	  abstract	  concepts.	  The	  experience	  of	  synthetic	  
materials	  (Crinkly	  Plastic,	  Jelly	  Wax)	  on	  the	  other	  hand	  is	  manifold	  and	  it	  is	  more	  
difficult	  to	  describe	  a	  common	  denominating	  experience	  or	  association.	  With	  the	  
material	  plastic,	  there	  are	  literally	  hundreds	  of	  forms	  and	  scenarios	  we	  could	  be	  
confronted	  with	  it.	  One	  person	  may	  remember	  an	  office	  folder	  to	  tidy	  files	  away,	  
whereas	  the	  next	  person	  may	  associate	  a	  crisp	  packet	  with	  the	  material.	  	  It	  must	  also	  
be	  noted	  though	  that	  some	  particular	  synthetic	  materials	  have	  a	  clear	  cultural	  
loading	  or	  a	  certain	  setting/environment	  where	  they	  are	  usually	  experienced	  –	  like	  
tinsel	  at	  Christmas	  or	  fuzzy	  felt	  at	  school.	  In	  this	  case,	  it	  may	  depend	  on	  whether	  
participants	  recognise	  the	  material	  correctly	  in	  order	  to	  find	  a	  commonality	  in	  
association.	  	  Basically,	  in	  the	  interest	  of	  investigating	  an	  ability	  to	  recall	  tactile	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qualities,	  it	  is	  interesting	  to	  view	  the	  context	  in	  which	  textures	  are	  first	  encountered	  
or	  most	  remembered	  by.	  
4.3.1.2 Denotative	  Word	  Pairs	  	  
Another	  thing	  to	  note	  here	  is	  that	  word	  pairs	  showing	  a	  lot	  of	  overlap	  may	  have	  
been	  chosen	  due	  to	  the	  particular	  physical	  characteristics	  of	  the	  material	  being	  
rated.	  Some	  of	  the	  word	  pairs	  can	  be	  taken	  very	  literally.	  	  Almost	  all	  the	  11	  subjects	  
in	  the	  pilot	  study	  associated	  rugged	  rather	  than	  delicate	  with	  the	  Tree	  Fungus	  –	  
whereas	  there	  was	  no	  agreement	  whether	  the	  Fungus	  was	  pleasurable	  or	  
unpleasant	  to	  touch.	  So	  the	  former	  word	  pair	  seems	  to	  have	  been	  understood	  in	  a	  
purely	  denotative	  way.	  However,	  it	  still	  means	  that	  the	  word	  ‘rugged’	  is	  associated	  
with	  the	  same	  tactile	  quality	  by	  most	  of	  the	  participants.	  With	  a	  view	  to	  the	  
embodied	  theory	  of	  mind	  (Johnson,	  2007),	  this	  is	  already	  a	  metaphorical	  association	  
–	  pre-­‐reflective	  and	  unconscious,	  but	  nevertheless	  based	  on	  bodily	  experience	  and	  
important	  for	  our	  understanding	  of	  the	  world	  and	  making	  sense	  of	  our	  experience.	  
4.3.1.3 Multimodal	  Associations	  
Other	  commonalities	  arose,	  that	  seemed	  to	  suggest	  multisensory	  associations	  with	  
the	  tactile	  experiences	  was	  happening.	  The	  word	  pairs	  for	  the	  Semantic	  Differential	  
in	  the	  Haptic	  Box	  study	  were	  purposely	  chosen	  to	  include	  some	  that	  indicate	  a	  
different	  sensory	  modality.	  For	  example,	  the	  sense	  of	  scent	  is	  represented	  by	  “foul	  -­‐	  
fragrant”,	  the	  sense	  of	  taste	  is	  represented	  by	  “sweet	  -­‐	  bitter”,	  and	  two	  different	  
haptic	  dimensions	  are	  represented	  by	  “light	  -­‐	  heavy”	  (proprioceptive)	  and	  “hot	  -­‐	  
cold”	  (cutaneous).	  Looking	  at	  these	  ‘sensory’	  word	  pairs	  for	  a	  particular	  material	  
reveals	  some	  interesting	  combinations.	  Most	  obvious	  here	  is	  the	  example	  of	  the	  Silk	  
texture	  –	  most	  people	  found	  it	  to	  be	  delicate	  and	  light.	  This	  may	  be	  due	  to	  its	  
physical	  features,	  but	  also	  almost	  all	  11	  subjects	  picked	  fragrant	  rather	  than	  foul.	  It	  is	  
possible	  that	  this	  is	  starting	  to	  show	  a	  glimpse	  of	  crossmodal	  associations,	  revealing	  
a	  holistic,	  multisensory	  image	  schema	  of	  a	  particular	  tactile	  experience.	  Following,	  a	  
semiotic	  reading	  of	  the	  Silk	  texture	  will	  be	  performed,	  with	  the	  most	  commonly	  
chosen	  words	  associated	  to	  illustrate	  the	  multisensory	  image	  schema	  of	  this	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material.	  Although	  this	  preliminary	  analysis	  was	  based	  on	  data	  from	  only	  11	  subjects,	  
I	  felt	  it	  useful	  to	  create	  a	  preliminary	  semiotic	  reading	  of	  some	  of	  the	  materials.	  
4.3.1.4 Analysis:	  Semiotic	  Reading	  of	  Materials	  
	  
	   	  









Silk	  may	  be	  culturally	  associated	  with	  a	  particular	  setting.	  It	  is	  expensive	  to	  
manufacture,	  therefore	  in	  contemporary	  culture	  still	  worn	  at	  certain	  occasions	  to	  
evoke	  specific	  perceptions.	  Silk	  lining	  in	  garments	  shows	  attention	  to	  detail	  and	  good	  
quality	  wear	  –	  something	  only	  the	  wealthy	  (or	  implied	  higher	  classes)	  will	  be	  able	  to	  
appreciate.	  Silk	  underwear	  is	  pleasant	  to	  touch	  and	  to	  wear	  due	  to	  its	  lightweight	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and	  flowing	  nature,	  and	  also	  gives	  the	  notion	  of	  preciousness	  in	  the	  combination	  of	  
look	  and	  feel.	  Not	  to	  forget	  though,	  the	  preciousness	  may	  very	  well	  be	  impressed	  by	  
the	  cumbersome	  material	  production	  process,	  making	  this	  an	  expensive	  material	  
and	  therefore	  bringing	  with	  it	  a	  certain	  element	  of	  being	  an	  object	  of	  desire.	  
In	  light	  of	  this	  semiotic	  reading	  of	  silk,	  how	  do	  the	  words	  most	  chosen	  by	  the	  
participants	  fit	  in?	  The	  look	  and	  feel	  of	  silk,	  inviting	  and	  soft	  to	  touch,	  the	  idea	  of	  
preciousness	  and	  desire,	  and	  the	  lightweight	  nature	  and	  therefore	  flowingness	  of	  the	  
material	  silk	  all	  brings	  about	  the	  notion	  of	  a	  feminine	  element.	  Females	  could	  be	  
culturally	  associated	  as	  either	  naturally	  smelling	  nice,	  or	  wearing	  perfume	  (fragrant).	  
Participants	  also	  agreed	  on	  silk	  feeling	  sweet,	  young,	  relaxed,	  valuable,	  but	  
interestingly	  –	  and	  perhaps	  controversially	  –	  weak	  and	  cowardly.	  	  
The	  Birch	  Bark	  texture,	  again,	  the	  fact	  that	  most	  people	  related	  it	  to	  rugged	  is	  
probably	  denotative	  and	  relates	  to	  actual	  tactile	  features	  of	  the	  material.	  It	  is	  
definitely	  not	  smooth	  and	  would	  not	  be	  perceived	  as	  such.	  But	  it	  is	  interesting	  that	  
most	  people	  thought	  it	  is	  also	  foul	  and	  bitter,	  which	  relate	  to	  the	  sense	  of	  smell	  and	  
sense	  of	  taste	  respectively.	  Hardly	  anybody	  would	  have	  probably	  directly	  
experienced	  this,	  yet	  most	  people	  seemed	  to	  agree	  in	  their	  multisensory	  
associations.	  There	  was	  also	  agreement	  on	  the	  words	  old	  and	  worthless.	  Put	  
together,	  these	  words	  begin	  to	  make	  up	  meaningful	  concepts	  that	  make	  sense.	  It	  
certainly	  makes	  sense,	  holistically	  and	  culturally,	  to	  describe	  silk	  as	  fragrant	  and	  
sweet,	  and	  to	  describe	  bark	  as	  foul	  and	  bitter.	  It	  is	  difficult	  to	  explain	  in	  words	  why	  
this	  ‘works’	  for	  us,	  why	  it	  makes	  sense,	  but	  this	  is	  exactly	  the	  sort	  of	  mental	  
image/concept	  the	  Semantic	  Differential	  is	  hoping	  to	  tease	  out.	  To	  help	  illustrate	  this	  
mental	  image,	  a	  visualization	  of	  the	  texture	  with	  the	  most	  commonly	  associated	  
words	  may	  help.	  
The	  same	  phenomenon	  of	  a	  multisensory,	  embodied	  mental	  profile	  is	  true	  for	  the	  
Tree	  Fungus.	  The	  11	  participants	  perceived	  this	  as	  rugged	  (denotative	  physical	  
characteristic)	  and	  active.	  It	  is	  slightly	  more	  difficult	  to	  find	  a	  denotative	  explanation	  
for	  the	  perception	  of	  this	  material	  as	  active.	  The	  Tree	  Fungus	  is	  a	  dried	  version	  of	  a	  
spongy	  object,	  which	  is	  usually	  found	  attached	  as	  a	  parasitic	  growth	  on	  trees.	  The	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surface	  is	  made	  up	  of	  a	  kind	  of	  honeycombed	  walled	  structure.	  The	  fact	  that	  it	  has	  
been	  preserved	  by	  drying	  it	  means	  the	  texture	  is	  very	  rugged	  and	  it	  could	  be	  that	  the	  
vibration	  and	  harsh	  variance	  in	  tactile	  stimulation	  caused	  by	  the	  finger	  running	  over	  
the	  hard	  bumpy	  patterned	  texture	  gives	  the	  impression	  of	  something	  active.	  The	  
Tree	  Fungus	  was	  also	  perceived	  as	  foul,	  heavy,	  bitter,	  old	  and	  worthless.	  Again,	  this	  
combination	  of	  commonly	  chosen	  words	  builds	  up	  a	  mental	  image	  that	  differentiates	  
this	  material	  clearly	  from	  silk,	  and	  in	  this	  way	  makes	  sense.	  In	  spite	  of	  these	  mostly	  
negative	  associations,	  there	  is	  much	  correspondence	  in	  perceiving	  the	  material	  as	  
strong.	  
4.3.1.5 Image	  Schemata	  –	  Embodied	  Perception	  
Here	  is	  a	  list	  of	  the	  word	  pairs	  generating	  the	  most	  agreement	  between	  participants	  
for	  the	  respective	  materials	  (based	  on	  combined	  visual	  profiles	  of	  subject’s	  semantic	  
differential	  choice	  produced	  for	  each	  texture)	  (refer	  figure	  43).	  As	  mentioned	  before,	  
not	  all	  textures	  generated	  consistent	  agreement,	  however	  the	  words	  that	  were	  most	  
often	  chosen	  were	  integrated	  into	  a	  visual	  representation	  of	  the	  texture	  in	  an	  
attempt	  to	  illustrate	  the	  image	  schemata	  (mental	  concepts)	  they	  evoke.	  	  
	  
Fig	  47	   Felt	  
Felt	  is	  a	  texture	  no	  one	  really	  had	  
extreme	  opinions	  on,	  most	  marks	  were	  
made	  in	  the	  middle	  section	  for	  all	  word	  
pairs.	  The	  only	  scales	  where	  people	  
agreed	  on	  a	  fairly	  extreme	  end	  were	  




Fig	  48	   Fake	  Fur	  
Fake	  Fur	  was	  somewhere	  between	  very	  
overlapping	  and	  very	  diverging.	  There	  
seems	  to	  be	  a	  crossing	  of	  modalities.	  
People	  who	  picked	  it	  out	  to	  be	  a	  delicate	  
texture	  (most)	  also	  associated	  it	  to	  be	  
fragrant	  rather	  than	  foul.	  Other	  words	  
associated	  with	  a	  clear	  overlap	  were	  





Fig	  49	   White	  Birch	  Bark	  
	  
Birch	  Bark	  was	  felt	  to	  be	  unpleasant,	  
rugged,	  foul,	  bitter,	  old,	  tense	  and	  
worthless.	  
	  
Fig	  50	   Silk	  
Almost	  all	  subjects	  associated	  Silk	  to	  be	  
fragrant	  rather	  than	  foul.	  It	  was	  also	  felt	  
to	  be	  pleasant,	  delicate,	  light,	  sweet,	  




Fig	  51	   Jelly	  Wax	  
Jelly	  Wax	  was	  perceived	  as	  very	  active	  
and	  delicate	  –	  but	  then	  diverges	  on	  the	  
foul-­‐fragrant	  scale.	  It	  is	  also	  associated	  
with	  being	  cold,	  but	  on	  the	  rest	  of	  the	  
scales	  the	  opinions	  differ.	  They	  are	  
extremely	  opposed,	  which	  shows	  that	  
even	  though	  participants	  could	  not	  
agree,	  all	  had	  a	  strong	  reaction	  to	  this	  
texture.	  There	  was	  a	  slight	  leaning	  





Fig	  52	   Stone	  Style	  
The	  results	  for	  Stone	  Tile	  are	  fairly	  
overlapping,	  but	  not	  as	  obvious	  as	  the	  
examples	  mentioned	  first.	  It	  was	  
perceived	  to	  be	  fairly	  rugged,	  very	  heavy,	  
cold	  and	  strong.	  No	  one	  could	  really	  
decide	  whether	  this	  would	  be	  foul	  or	  
fragrant	  or	  between	  sweet	  and	  bitter.	  So	  
with	  the	  stone,	  people	  might	  have	  found	  
it	  really	  difficult	  to	  associate	  cross-­‐modal	  
sensations.	  The	  same	  goes	  for	  the	  terms	  
valuable-­‐worthless	  and	  cowardly	  -­‐	  brave.	  
	  
Fig	  53	   Tree	  Fungus	  
The	  dried	  Tree	  Fungus	  was	  perceived	  as	  
unpleasant,	  active,	  rugged,	  foul,	  heavy,	  
bitter,	  old,	  tense,	  strong	  and	  brave.	  
	  
	  
Fig	  54	   Crinkly	  Plastic	  
The	  crinkly	  plastic	  has	  the	  most	  webbed	  
result	  of	  them	  all	  –	  no	  one	  could	  agree	  
on	  anything	  really,	  almost	  all	  dots	  were	  
picked	  at	  one	  point	  or	  another.	  There	  is	  a	  
slight	  leaning	  towards	  delicate,	  light,	  
young,	  weak	  and	  worthless.	  
	  
	  
Fig	  55	   Studded	  Rubber	  
The	  sheet	  of	  studded	  rubber	  –	  most	  
commonly	  agreed	  associations	  were	  
active,	  rugged,	  heavy,	  and	  strong	  and	  
worthless	  but	  brave.	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4.3.1.6 Interpreting	  the	  Questionnaire	  
The	  initial	  interpretation	  of	  the	  questionnaire	  was,	  similarly	  to	  analysis	  of	  the	  
Semantic	  Differential,	  done	  by	  intuition	  mostly,	  as	  11	  subjects	  in	  the	  pilot	  study	  was	  
not	  a	  basis	  for	  a	  statistical	  analysis.	  However,	  again	  some	  initial	  pointers	  may	  be	  
taken	  from	  this	  for	  further	  research,	  if	  not	  quantifiable	  results.	  It	  is	  apparent	  by	  the	  
answers	  on	  the	  questionnaire	  (filled	  out	  after	  the	  Haptic	  Box	  experience	  with	  the	  
Semantic	  Differential)	  the	  subjects	  often	  associated	  comfort,	  security,	  relationships,	  
warmth	  with	  their	  touch	  memories.	  They	  also	  felt	  it	  was	  worth	  mentioning	  when	  
there	  was	  an	  association	  with	  disgust,	  irritability	  and	  repulsion.	  The	  touch	  memories	  
recounted	  are	  very	  varied	  in	  their	  actual	  nature	  but	  do	  involve	  many	  ways	  of	  
experiencing	  the	  world	  as	  a	  child,	  as	  well	  as	  contact	  with	  other	  people.	  The	  memory	  
worth	  mentioning	  or	  remembering	  may	  therefore	  be	  indeed	  the	  founding	  
experience,	  i.e.	  the	  time	  we	  encountered	  a	  certain	  type	  of	  touch	  for	  the	  first	  time	  
(climbing	  a	  tree,	  kissing	  a	  new-­‐born)	  The	  information	  communicated	  in	  the	  touch	  
memories	  was	  ranging	  from	  touch	  used	  as	  a	  cognitive	  aid	  –	  wrapping	  and	  packaging,	  
clothes-­‐shopping	  –	  to	  a	  wide	  range	  of	  specific	  events,	  specific	  to	  the	  individual’s	  
history	  (sexual	  experiences,	  rock-­‐climbing).	  There	  is	  also	  a	  sense	  of	  immediacy,	  
urgency,	  curiosity,	  self-­‐awareness	  in	  the	  answers.	  Looking	  at	  the	  questionnaires,	  and	  
the	  behaviour	  of	  people	  while	  filling	  them	  out,	  subjects	  seem	  to	  feel	  a	  great	  urge	  to	  
share	  the	  memories	  that	  the	  textures	  had	  set	  off	  in	  them.	  Whether	  these	  rich	  
offerings	  are	  best	  captured	  in	  a	  questionnaire	  is	  questionable,	  however	  this	  insight	  
was	  not	  arrived	  at	  during	  this	  stage.	  In	  future	  iterations	  this	  may	  be	  done	  by	  enabling	  
some	  form	  of	  multimodal	  capture,	  i.e.	  any	  form	  of	  documentation	  that	  does	  not	  
involve	  writing,	  and	  to	  enable	  more	  in	  the	  form	  of	  narratives	  to	  come	  through.	  
4.3.2 Design	  Iteration	  of	  Haptic	  Box	  
From	  my	  initial	  experiment	  it	  became	  apparent	  that	  the	  Haptic	  Box	  design	  was	  too	  
cumbersome	  to	  change	  the	  textures,	  as	  it	  involved	  opening	  the	  lid,	  making	  it	  difficult	  
to	  obstruct	  this	  from	  the	  view	  of	  the	  participant.	  Other	  ideas	  were	  explored	  in	  terms	  
of	  a	  tool	  to	  present	  textures	  in	  a	  random	  order	  and	  hidden	  from	  view.	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Fig	  56	   Various	  design	  iterations	  of	  the	  Haptic	  Box	  
One	  idea	  was	  to	  use	  stacks	  of	  trays	  or	  other	  layouts	  where	  the	  textures	  could	  be	  
placed	  permanently	  and	  the	  subject	  would	  feel	  them	  in	  sequence,	  without	  any	  
interaction	  of	  the	  experimenter,	  which	  prolongs	  the	  process.	  However,	  all	  these	  
solutions	  were	  found	  to	  be	  insufficient	  due	  to	  the	  need	  of	  presenting	  the	  materials	  
in	  a	  random	  sequence,	  so	  a	  new	  box	  was	  found	  that	  was	  large	  enough	  to	  
accommodate	  two	  stacks	  of	  materials	  and	  a	  space	  in	  the	  centre.	  A	  hole	  was	  cut	  in	  
the	  back	  wall	  large	  enough	  to	  reach	  in	  and	  place	  materials,	  pre-­‐arranged	  in	  the	  
particular	  random	  order,	  from	  the	  right	  stack	  into	  the	  middle	  space	  for	  the	  user	  to	  
feel,	  and	  then	  on	  to	  the	  left	  stack.	  This	  also	  had	  the	  immense	  added	  benefit	  of	  
observing	  the	  user's	  hand	  actions	  (which	  was	  not	  formally	  recorded).	  People	  
engaged	  in	  a	  range	  of	  interactions	  including	  rubbing,	  stroking,	  tapping,	  scratching,	  
picking	  up	  and	  manipulating.	  There	  were	  no	  instructions	  or	  restrictions	  as	  to	  which	  
actions	  were	  allowed	  or	  which	  hand	  they	  were	  supposed	  to	  be	  using.	  The	  only	  
intervention	  made	  was	  if	  they	  started	  to	  pick	  the	  material	  off	  the	  cardboard	  mount.	  
People	  can	  use	  either	  hand	  to	  feel	  the	  materials.	  The	  researcher	  presents	  the	  
materials	  in	  sequence:	  they	  are	  being	  changed	  in	  the	  Haptic	  Box	  invisible	  to	  the	  
subject.	  	  
4.3.2.1 Questionnaire	  Design	  
During	  the	  pilot	  study	  of	  the	  Haptic	  Box,	  it	  also	  became	  apparent	  that	  while	  filling	  
out	  the	  questionnaire	  after	  the	  Haptic	  Box	  experience,	  participants	  were	  not	  clear	  
about	  the	  question	  asking	  them	  to	  describe	  a	  particular	  touch	  memory.	  It	  was	  
unclear	  whether	  they	  were	  being	  asked	  for	  general	  life	  memories	  relating	  to	  touch,	  
or	  about	  specific	  memories	  the	  Haptic	  Box	  triggered,	  or	  even	  about	  the	  memory	  of	  
the	  textures	  in	  the	  Haptic	  Box.	  This	  uncertainty	  was	  clear	  from	  the	  questionnaire	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results	  and	  also	  from	  participants'	  queries	  during	  the	  experiment.	  The	  set-­‐up	  was	  
therefore	  changed:	  two	  questionnaires	  were	  created,	  with	  almost	  identical	  
questions,	  one	  to	  be	  filled	  out	  before	  and	  the	  other	  one	  to	  be	  filled	  out	  after	  the	  
Haptic	  Box	  experience.	  On	  the	  first	  questionnaire,	  subjects	  were	  asked	  to	  "List	  a	  few	  
-­‐	  or	  just	  one	  -­‐	  of	  your	  memories,	  where	  touch	  played	  an	  important	  part".	  As	  the	  
Haptic	  Box	  had	  not	  been	  introduced	  at	  this	  stage	  of	  the	  experiment,	  it	  was	  hoped	  
that	  the	  question	  would	  be	  understood	  to	  relate	  to	  general	  life	  memories	  involving	  
touch.	  On	  the	  second	  questionnaire,	  the	  subjects	  were	  asked	  specifically:"	  list	  a	  few	  -­‐	  
or	  just	  one	  -­‐	  of	  your	  memories	  that	  came	  to	  mind	  when	  you	  were	  feeling	  the	  
textures".	  As	  the	  subjects	  at	  this	  stage	  would	  have	  just	  felt	  ten	  different	  textures,	  
and	  the	  question	  specifically	  mentions	  these,	  it	  was	  hoped	  that	  this	  would	  
accommodate	  the	  initial	  memories	  and	  associations	  that	  clearly	  came	  to	  mind	  for	  
many	  people	  during	  the	  Haptic	  Box	  experience.	  
There	  was	  also	  a	  slight	  alteration	  to	  investigate	  the	  initial	  interpretations	  made	  
about	  common	  tactile	  associations	  between	  subjects.	  One	  of	  the	  things	  that	  became	  
apparent	  was	  the	  fact	  that	  people	  seemed	  to	  have	  a	  lot	  of	  agreement	  on	  the	  scales	  
particularly	  when	  feeling	  the	  silk	  texture.	  One	  of	  the	  readings	  of	  this	  was	  that	  the	  
subjects	  share	  an	  association,	  because	  silk	  is	  an	  organic	  texture	  and	  therefore	  fairly	  
unique	  in	  its	  encounter.	  I	  also	  suspected	  that	  many	  people	  recognised	  the	  silk	  due	  to	  
its	  unique	  properties,	  and	  because	  they	  had	  a	  clear	  mental	  image	  of	  the	  texture,	  all	  
had	  similar	  semiotic	  associations.	  To	  test	  the	  theory	  of	  whether	  recognition	  of	  the	  
silk	  texture	  made	  people	  have	  more	  associations	  in	  common,	  the	  question	  was	  
posed	  while	  presenting	  the	  fabric:	  "Do	  you	  recognise	  this	  texture	  and	  can	  you	  name	  




4.4 	  Haptic	  Box	  –	  Final	  Setup	  
The	  final	  design	  of	  methodology	  and	  process	  will	  be	  described.	  After	  11	  people	  
participated	  in	  the	  pilot	  study,	  minor	  iterations	  were	  performed	  (see	  above)	  and	  this	  
is	  what	  the	  following	  participants	  were	  presented	  with	  in	  the	  study.	  	  
4.4.1 Elements	  and	  Steps	  in	  Procedure	  
Step	  1:	  This	  is	  the	  questionnaire	  (Questionnaire	  1)	  subjects	  were	  asked	  to	  complete	  
before	  using	  the	  Haptic	  Box.	  
	  
This	  is	  an	  experiment	  about	  tactile	  perception	  and	  associations.	  The	  research	  is	  part	  of	  a	  PhD	  investigating	  how	  we	  utilize	  touch	  
to	  interact.	  I	  will	  ask	  you	  to	  fill	  in	  two	  questionnaires,	  one	  at	  the	  beginning	  and	  one	  at	  the	  end.	  The	  middle	  part	  will	  involve	  
feeling	  ten	  different	  textures	  with	  your	  hand,	  while	  filling	  out	  a	  semantic	  differential	  scale.	  The	  textures	  will	  be	  hidden	  in	  a	  
cardboard	  box	  and	  will	  be	  presented	  in	  a	  random	  sequence.	  
Thanks	  very	  much	  for	  taking	  part!	  	  
Simone	  Gumtau,	  Research	  Student,	  Art,	  Design	  and	  Media	  
QUESTIONNAIRE 1 – to be filled out at the beginning  
What kind of emotions do you associate with touch? 
_________________________________________________________________________________________ 
List a few – or just one – of your memories, where touch played an important part. 
_________________________________________________________________________________________ 
In your touch memory, was anything being communicated to you? Did you receive information about 
an object or a person? Did you receive an emotion from an object or a person? Describe. 
_________________________________________________________________________________________ 
Was the information communicated in your touch memory fuzzy (e.g. a vague feeling of warmth or 
comfort)  – or was it precise (a specific piece of information like a number or a time)? 
_________________________________________________________________________________________ 




Step	  2:	  Participants	  were	  invited	  to	  enter	  the	  Haptic	  Box	  with	  their	  hand	  and	  feel	  ten	  
different	  textures,	  presented	  in	  a	  random	  sequence.	  	  
These	  are	  the	  materials	  the	  participants	  could	  feel,	  but	  not	  see:	  	  
	   	   	   	  
	   	   	   	  
	   	  
	   	  
Fig	  58	   	  (From	  top	  left)	  Suede,	  Birch	  bark,	  Rubber,	  Felt,	  Plastic,	  Tree	  Fungus,	  Fake	  Fur,	  Jelly	  Wax,	  Stone,	  Silk	  
The	  materials	  shown	  in	  figure	  58	  are	  what	  subjects	  experienced	  in	  the	  Haptic	  Box,	  
presented	  in	  a	  random	  order	  and	  where	  possible,	  mounted	  on	  cardboard.	  Each	  
material	  came	  with	  a	  form,	  which	  needed	  to	  be	  filled	  out.	  The	  non-­‐active	  hand	  was	  
filling	  out	  this	  Semantic	  Differential	  by	  picking	  a	  point	  on	  the	  7-­‐point	  scale,	  
corresponding	  to	  the	  feeling	  of	  the	  texture	  being	  experienced.	  The	  SD	  Scales	  to	  
choose	  from	  were	  the	  following:	  
Pleasant • • • • • • • Unpleasant  
Active • • • • • • • Passive  
Rugged • • • • • • • Delicate  
Foul • • • • • • • Fragrant  
Heavy • • • • • • •  Light  
Hot • • • • • • • Cold  
Sweet • • • • • • • Bitter  
Relaxed • • • • • • • Tense  
Strong • • • • • • • Weak  
Valuable • • • • • • • Worthless 	  
Cowardly • • • • • • • Brave  
Young • • • • • • • Old	  




Step	  3:	  Participants	  fill	  out	  the	  second	  questionnaire	  (Questionnaire	  2),	  based	  on	  the	  
first	  one,	  but	  explicitly	  referring	  to	  the	  Haptic	  Box	  experience.	  This	  was	  introduced	  to	  
reduce	  confusion	  between	  general	  and	  specific	  touch	  experiences.	  
QUESTIONNAIRE 2 – to be filled out at the end 
	  
Which of the word pairs did you generally find easiest to pick?  
_________________________________________________________________________________________ 
Which of the word pairs did you generally find most difficult to pick?  
_________________________________________________________________________________________ 
What kind of emotions did you associate with touching the textures? 
_________________________________________________________________________________________ 





Fig	  60	   Questionnaire	  2	  from	  the	  Haptic	  Box	  Study	  
4.4.2 Haptic	  Box	  Process	  
72	  individuals	  have	  experienced	  the	  Haptic	  Box,	  including	  both	  iterations.	  They	  were	  
all	  volunteers	  recruited	  from	  a	  population	  connected	  the	  School	  of	  Art,	  Design	  and	  
Media	  at	  the	  University	  of	  Portsmouth	  (both	  staff	  and	  students,	  with	  an	  age	  range	  
from	  19-­‐62	  years	  old,	  roughly	  equal	  numbers	  were	  male	  and	  female).	  Most	  
participants	  are	  therefore	  affiliated	  with	  a	  Design	  programme	  as	  student	  or	  lecturer,	  
or	  at	  least	  have	  some	  interest	  or	  at	  least	  awareness	  of	  Design.	  Not	  all	  of	  them	  were	  
native	  speakers,	  this	  has	  been	  noted	  where	  it	  is	  the	  case	  as	  obviously	  this	  may	  be	  an	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important	  factor	  when	  teasing	  out	  nuances	  within	  language.	  
Recruitment	  of	  volunteers	  posed	  a	  large	  problem	  to	  data	  collection.	  As	  quantitative	  
research	  on	  a	  large	  scale	  is	  rarely	  done	  within	  an	  Art	  &	  Design	  context,	  the	  interest	  
and	  availability	  was	  poor	  as	  this	  kind	  of	  research	  is	  unusual	  within	  the	  practice-­‐based	  
discipline	  of	  Art	  and	  Design.	  Consequently,	  at	  the	  School	  of	  Art,	  Design	  and	  Media,	  
there	  were	  no	  procedures	  in	  place	  to	  provide	  incentives	  for	  research	  participants	  or	  
even	  communication	  channels	  to	  recruit	  potential	  volunteers.	  Several	  initiatives,	  
among	  them	  posting	  flyers	  offering	  a	  DVD	  player	  as	  a	  prize,	  were	  unsuccessful.	  
Eventually	  through	  several	  avenues,	  but	  mostly	  on	  the	  basis	  of	  personal	  
introduction,	  colleagues	  and	  colleagues’	  students	  were	  recruited.	  The	  process	  of	  
filling	  out	  both	  questionnaires	  as	  well	  as	  experiencing	  the	  Haptic	  Box	  and	  filling	  out	  a	  
Semantic	  Differential	  took	  approximately	  30	  minutes.	  Most	  sessions	  were	  held	  in	  the	  
research	  office,	  however	  there	  was	  a	  period	  of	  setting	  up	  the	  Box	  within	  specific	  
departments	  to	  enable	  students	  to	  have	  access	  to	  it,	  however	  this	  is	  within	  the	  same	  
building.	  The	  environment	  obviously	  had	  to	  be	  quiet	  and	  secluded,	  so	  the	  
participants	  would	  feel	  comfortable	  with	  the	  experience.	  Only	  one	  person	  was	  ever	  
present	  aside	  from	  the	  researcher.	  Everybody	  was	  given	  the	  same	  introduction,	  a	  
transcript	  of	  which	  can	  be	  found	  on	  top	  the	  first	  questionnaire	  (figure	  57).	  The	  
articulation	  to	  initiate	  progression	  from	  one	  step	  to	  the	  next	  was	  kept	  similar	  as	  
much	  as	  possible,	  although	  no	  script	  was	  created	  for	  this.	  Even	  when	  the	  subjects	  
were	  talking	  and	  trying	  to	  engage	  the	  researcher	  in	  a	  conversation,	  the	  aim	  was	  to	  
stay	  neutral	  and	  only	  talk	  when	  absolutely	  necessary,	  in	  case	  of	  confusion	  for	  
example.	  After	  the	  experience,	  questions	  were	  answered	  and	  uncertainties	  were	  
dealt	  with	  as	  far	  as	  possible.	  
4.5 	  Haptic	  Box:	  Outcome	  
The	  next	  step	  was	  to	  code	  that	  data	  that	  had	  been	  collected	  through	  the	  Haptic	  Box	  
experience.	  The	  data	  was	  coded	  onto	  traditional	  coding	  sheets	  of	  paper,	  and	  then	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transferred	  into	  SPSS	  16.0.	  Whereas	  the	  Semantic	  Differential	  data	  could	  be	  coded	  
straightforwardly	  as	  numbers,	  the	  questionnaire	  required	  a	  more	  sophisticated	  
coding	  system.	  	  
4.5.1 Coding	  Data:	  Semantic	  Differential	  
A	  system	  had	  been	  devised	  for	  the	  research	  procedure,	  with	  each	  texture	  receiving	  a	  
3-­‐letter	  label.	  This	  label	  was	  written	  on	  the	  sheet	  the	  subject	  had	  coded,	  so	  it	  would	  
be	  clear	  afterwards	  which	  texture	  they	  had	  referred	  to.	  The	  textures	  were	  presented	  
in	  a	  random	  order,	  and	  this	  was	  a	  way	  of	  keeping	  track	  of	  which	  particular	  one	  they	  
were	  feeling	  when	  they	  filled	  out	  that	  Semantic	  Differential.	  
FSF	   Suede	  
BRG	   White	  Birch	  Bark	  
NSF	   Studded	  Rubber	  
OJK	   Felt	  
MLT	   Crinkly	  Plastic	  
ADO	   Tree	  Fungus	  
PWX	   Fake	  Fur	  
DEN	   Jelly	  Wax	  
DIB	   Stone	  tile	  
FNR	   Silk	  
The	  textures	  were	  then	  coded	  with	  the	  left	  hand	  column	  adjective	  (e.g.	  'pleasant')	  
being	  of	  the	  value	  1,	  and	  the	  right	  hand	  column	  adjective	  (e.g.	  'unpleasant')	  
subsequently	  being	  of	  the	  value	  7.	  The	  value	  4	  stands	  for	  'neither	  /	  nor'.	  Wherever	  
there	  is	  a	  data	  value	  missing,	  the	  number	  9	  is	  entered.	  This	  way	  SPSS	  can	  extract	  this	  
without	  showing	  up	  any	  errors.	  
4.5.1.1 Texture	  Categorisation	  Trends	  
First	  of	  all	  a	  similar	  analysis	  as	  in	  the	  pilot	  study	  was	  performed.	  It	  was	  interesting,	  
how	  various	  participants	  scored	  a	  particular	  texture	  on	  a	  particular	  scale.	  For	  
example:	  did	  people	  rate	  stone	  rather	  as	  strong	  or	  as	  weak?	  Is	  there	  any	  consistency	  
between	  people’s	  choices?	  The	  indication	  for	  this	  seems	  to	  come	  out	  stronger	  after	  
performing	  the	  study	  with	  a	  larger	  user	  group.	  It	  seemed	  that	  there	  appeared	  to	  be	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more	  consistency	  in	  people’s	  responses	  when	  the	  material	  was	  organic,	  rather	  than	  
synthetic.	  	  
	  
Fig	  61	   Texture	  Disagreement	  (Average	  Standard	  Deviation)	  
As	  observed	  in	  the	  pilot	  study,	  the	  above	  figure	  (61)	  shows	  the	  organic	  materials	  
have	  the	  highest	  consistency	  on	  peoples’	  choices.	  In	  other	  words,	  most	  people	  had	  
similar	  associations	  for	  silk,	  bark	  and	  tree	  fungus.	  My	  hypothesis	  for	  this	  was	  that	  all	  
human	  beings	  meet	  these	  materials	  for	  the	  first	  time	  in	  a	  similar	  setting.	  Whereas	  
the	  first	  experience	  of	  a	  manmade	  material	  like	  plastic	  can	  be	  varied,	  and	  therefore	  
the	  association	  herewith	  will	  vary	  too.	  	  
4.5.1.2 Semiotic	  profiles	  
After	  the	  pilot	  study,	  the	  scales	  people	  most	  agreed	  on	  for	  each	  material	  were	  
integrated	  into	  a	  design,	  which	  was	  moving	  towards	  an	  evocative	  representation	  of	  
the	  material’s	  semiotic	  character	  (see	  section	  on	  mental	  images).	  The	  words	  that	  I	  
chose	  through	  visually	  displaying	  the	  data	  per	  hand	  come	  out	  stronger	  in	  the	  
statistical	  analysis	  of	  the	  larger	  sample.	  For	  example,	  people	  consistently	  associated	  



























Fig	  62	   Silk	  Scale	  Trends	  
	  
Fig	  63	   Birch	  Bark	  Scale	  Trends	  
	  
Fig	  64	   Tree	  Fungus	  Scale	  Trends	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Fig	  65	   Wax	  Scale	  Trends	  
	  
4.5.1.3 Most	  Significant	  Scored	  Elements	  
	  
	  
Fig	  66	   Lowest	  Scoring	  Errors	  (Standard	  Deviation)	  
	  
-­‐7%	  
40%	   36%	   38%	   48%	   41%	  
49%	   53%	  




28%	   28%	  
51%	  
18%	  
60%	   52%	  










Texture	  Scales	  (Balanced	  Mean	  Range:	  [-­‐100%,100%])	  











12.0%	   17.0%	   22.0%	   27.0%	   32.0%	  
Plas}c	  fragrant	  -­‐	  foul	  
Plas}c	  heavy	  -­‐	  light	  
Bark	  sweet	  -­‐	  bi~er	  
Bark	  fragrant	  -­‐	  foul	  
Funghi	  rugged	  -­‐	  delicate	  




Fig	  67	   Highest	  Scoring	  Errors	  (Standard	  Deviation)	  
4.5.2 Semantic	  Differential:	  Potential	  Problems	  
Two	  problems	  and	  potential	  criticisms	  emerge	  about	  the	  use	  of	  the	  Semantic	  
Differential	  in	  the	  Haptic	  Box	  Study:	  For	  one,	  if	  subjects	  are	  to	  deliver	  comparable	  
results,	  they	  must	  have	  the	  same	  understanding	  of	  the	  concept	  to	  be	  rated	  -­‐	  they	  
need	  to	  have	  'referential	  agreement'.	  Two	  people	  might	  have	  a	  different	  affective	  
reaction	  to	  'THUNDER':	  one	  subject	  may	  enjoy	  it,	  and	  rate	  it	  accordingly;	  another	  
subject	  may	  be	  frightened	  and	  evaluate	  it	  negatively.	  But	  it	  can	  be	  assumed	  that	  
both	  subjects	  have	  the	  same	  idea/concept	  in	  mind	  relating	  to	  THUNDER.	  With	  the	  
way	  the	  Haptic	  Box	  is	  designed,	  the	  experiences	  are	  purely	  tactile.	  As	  subjects	  
cannot	  see	  the	  textures/concepts	  that	  they	  are	  rating,	  there	  is	  a	  possibility	  that	  they	  
have	  different	  ideas	  about	  what	  they	  perceive.	  A	  possible	  recognition	  of	  the	  texture	  
and	  the	  following	  association	  with	  objects	  with	  that	  texture	  that	  have	  been	  
experienced	  before,	  played	  an	  important	  part	  in	  the	  way	  subjects	  made	  up	  their	  
mind	  in	  the	  ratings.	  This	  was	  picked	  up	  from	  spontaneous	  uttering	  during	  the	  Haptic	  
Box	  experience,	  but	  not	  recorded	  -­‐	  subjects	  would	  say:	  "Oh,	  that	  reminds	  me	  of	  …",	  
in	  fact	  there	  seemed	  to	  be	  a	  keen	  interest	  in	  sharing	  their	  associations.	  It	  is	  therefore	  
possible,	  that	  they	  rated	  the	  associated	  objects	  they	  had	  in	  mind	  as	  concepts	  rather	  
than	  the	  mere	  textures,	  and	  that	  these	  will	  differ	  from	  subject	  to	  subject.	  In	  the	  case	  
of	  plastic,	  one	  person	  may	  have	  imagined	  a	  crisp	  packet	  and	  another	  may	  imagine	  a	  
plastic	  sleeve.	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level	  –	  this	  is	  guaranteed	  by	  the	  scales	  spread	  out	  over	  several	  dimensions	  of	  
experience	  (evaluation,	  potency,	  activity).	  However,	  and	  this	  has	  been	  a	  criticism	  of	  
the	  Semantic	  Differential	  in	  general,	  is	  that	  some	  scales	  allow	  for	  a	  denotative	  
interpretation.	  (Weinreich,	  1969)	  suggests	  that	  the	  tool	  Osgood	  et	  al	  have	  created	  to	  
investigate	  meaning	  is	  actually	  better	  used	  to	  measure	  an	  aspect	  of	  the	  affect	  of	  
words,	  their	  "emotive	  influence",	  and	  that	  there	  should	  be	  a	  theoretical	  distinction	  
made	  between	  meaning	  and	  affect	  (the	  latter	  he	  feels	  would	  be	  the	  more	  successful	  
term	  for	  what	  the	  SD	  is	  measuring).	  	  	  
The	  solution	  here	  is	  to	  go	  back	  to	  the	  theory	  of	  embodied	  meaning	  and	  the	  
suggestion	  for	  further	  research	  is	  to	  collect	  phenomenological	  accounts	  combined	  
with	  empirical	  evidence.	  Phenomenology	  is	  about	  the	  ‘felt’	  experiences	  and	  
therefore	  only	  reports	  what	  we	  can	  describe.	  The	  semantic	  differential	  is	  going	  some	  
way	  towards	  showing	  the	  pre-­‐reflective	  and	  non-­‐conscious	  level	  of	  experience,	  
although	  only	  partly.	  As	  Johnson	  (2007)	  has	  described,	  there	  is	  meaning	  in	  
perception	  even	  before	  concepts.	  
4.6 	  Chapter	  4	  (Haptic	  Box	  Study):	  Conclusion	  
The	  Haptic	  Study	  set	  out	  to	  investigate	  meaningful	  associations	  with	  tactile	  
associations	  –	  a	  shared	  system	  of	  tactile	  semiotics.	  Participants	  were	  presented	  with	  
a	  range	  of	  textures,	  hidden	  from	  view,	  and	  asked	  to	  fill	  out	  a	  Semantic	  Differential	  
and	  a	  questionnaire	  relating	  to	  touch	  memories.	  The	  Semantic	  Differential	  seemed	  a	  
suitable	  method	  in	  the	  aim	  to	  tease	  out	  tacit	  understanding	  and	  meaning	  related	  to	  
tactile	  experiences	  –	  something	  that	  is	  normally	  difficult	  to	  articulate	  and	  describe	  
with	  words.	  The	  original	  idea	  was	  that,	  if	  there	  were	  metaphoric	  relationships	  such	  
as	  anger	  –	  rough	  and	  love-­‐	  smooth,	  this	  might	  assist	  in	  the	  exploration	  of	  haptic	  
communication.	  	  
After	  performing	  a	  statistical	  analysis	  of	  the	  Semantic	  Differential	  data	  of	  72	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participants,	  it	  was	  found	  there	  is	  a	  relative	  similarity	  of	  patterns	  of	  choice	  across	  the	  
scales.	  There	  is	  some	  agreement	  between	  individuals	  about	  how	  to	  describe	  a	  
particular	  material.	  Organic	  materials	  seem	  to	  receive	  more	  similar	  associations,	  
probably	  due	  to	  a	  consistency	  of	  experience	  across	  contexts.	  There	  is	  no	  element	  of	  
confusion	  when	  it	  comes	  to	  natural	  materials,	  however	  there	  can	  be	  regarding	  
synthetic	  ones.	  This	  has	  been	  shown	  in	  the	  visual	  pattern	  of	  the	  pilot	  study,	  as	  well	  
as	  in	  the	  statistical	  analysis	  of	  the	  larger	  sample.	  A	  shared	  embodied	  experience	  may	  
account	  for	  this.	  	  
Some	  experiments	  around	  component	  analysis	  were	  performed	  with	  the	  data	  from	  
72	  subjects	  experiencing	  the	  Haptic	  Box,	  which	  can	  be	  found	  in	  Appendix	  E.	  More	  
appropriate	  factors/components	  were	  sought	  to	  cluster	  the	  data	  coming	  out	  of	  the	  
Haptic	  Box	  study.	  The	  original	  dimensions	  developed	  by	  Osgood	  and	  his	  colleagues,	  
evaluative,	  potency	  and	  active	  had	  to	  be	  re-­‐investigated	  whether	  we	  could	  re-­‐name	  
them	  to	  be	  more	  appropriate	  to	  touch.	  The	  three	  philosophical	  models	  described	  by	  
Weber	  in	  an	  earlier	  chapter	  acted	  as	  a	  guide,	  although	  realistically,	  the	  field	  model	  
was	  not	  practical	  to	  be	  used.	  Mainly,	  the	  types	  of	  touch	  were	  divided	  into	  two	  fields.	  
The	  first	  being	  task-­‐related	  touch	  –	  judging	  a	  material	  on	  how	  useful	  it	  is	  going	  to	  be	  
to	  perform	  a	  function.	  The	  second	  being	  a	  more	  emotional	  dimension,	  using	  touch	  to	  
relate	  –	  judging	  material	  on	  how	  I	  am	  going	  to	  react	  to	  it,	  how	  it	  is	  going	  to	  impinge	  
on	  me	  and	  my	  space,	  my	  body.	  This	  implies	  a	  more	  direct	  experience	  with	  the	  
texture,	  a	  proximal	  association,	  which	  can	  be	  more	  dangerous	  and	  therefore	  have	  
more	  impact	  than	  a	  more	  distant	  experience.	  The	  questionnaire	  data	  provided	  an	  
overview	  of	  emotional	  concepts	  relevant	  to	  subjects’	  touch	  memories.	  There	  
seemed	  to	  be	  a	  difference	  in	  relating	  to	  objects,	  in	  a	  task-­‐orientated	  way	  or	  to	  
people,	  in	  a	  communicative	  way.	  
To	  sum	  up	  the	  findings	  –	  there	  seem	  to	  be	  commonly	  shared	  associations,	  which	  
points	  to	  the	  potential	  validity	  and	  usefulness	  of	  embodied	  metaphors	  in	  the	  
interactive	  design	  process.	  The	  research	  however	  also	  highlighted	  the	  need	  to	  
consider	  rich	  personal	  histories	  (emotional,	  social,	  value)	  and	  it	  is	  concluded	  that	  to	  
strive	  towards	  a	  ‘Haptic	  Palette’	  of	  expressions	  will	  be	  more	  fruitful	  than	  a	  ‘Haptic	  
Language’.	  The	  quantifiable	  /	  statistical	  analysis	  research	  has	  not	  produced	  clear	  
results	  at	  this	  stage	  –	  it	  might	  not	  be	  that	  suitable	  for	  this	  kind	  of	  research,	  and	  was	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an	  unfamiliar	  method.	  Collection	  of	  personal	  narratives	  might	  give	  a	  richer	  picture,	  
and	  reflect	  phenomenological	  experience.	  
The	  Haptic	  Box	  study	  served	  as	  one	  part	  of	  two	  studies	  exploring	  the	  sense	  of	  touch	  
in	  terms	  of	  communication.	  Where	  this	  one	  was	  focused	  on	  the	  investigation	  of	  a	  
person’s	  relationship	  with	  tactile	  experiences,	  i.e.	  personal	  codes,	  in	  the	  next	  study	  
(PinKom)	  touch	  will	  be	  explored	  as	  part	  of	  a	  direct	  communication	  system.	  It	  will	  be	  
investigated	  whether	  couples	  can	  go	  further	  in	  establishing	  a	  haptic	  communication	  
system.	  Since	  it	  has	  emerged	  that	  personal	  histories	  and	  individual	  experience	  can	  
play	  a	  major	  factor,	  it	  will	  be	  useful	  to	  observe	  two	  people	  who	  share	  some	  history	  
and	  who	  are	  willing	  share	  experiences	  of	  a	  tactile	  nature	  -­‐	  will	  they	  be	  able	  to	  create	  
meaning	  through	  touch?	  Through	  providing	  couples	  with	  a	  mock-­‐up	  of	  a	  haptic	  
communication	  device,	  affordances	  of	  personal	  touch	  will	  be	  explored.	  In	  the	  next	  
chapter,	  the	  PinKom	  study	  will	  be	  described	  and	  its	  findings	  in	  view	  of	  embodied	  
metaphors	  will	  be	  discussed.	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5 AFFORDANCES OF PERSONAL 
TOUCH: PINKOM DESIGN AND 
STUDY 
5.1 Chapter	  5	  (PinKom	  Study):	  Introduction	  	  
In	  this	  chapter,	  the	  motivation	  and	  research	  framework	  for	  the	  PinKom	  Study	  is	  laid	  
out.	  PinKom	  is	  one	  of	  two	  focused	  studies	  conducted	  as	  research	  for	  this	  thesis,	  
exploring	  the	  potential	  of	  touch	  for	  communication.	  This	  particular	  study	  looks	  at	  the	  
ways	  in	  which	  people	  can	  adapt	  and	  evolve	  the	  nonverbal	  ways	  of	  expressing	  
themselves,	  particularly	  through	  touch.	  Through	  letting	  expressions	  emerge,	  rather	  
than	  prescribing	  them,	  more	  can	  be	  learned	  about	  the	  design	  of	  potential	  haptic	  
communication	  devices	  in	  a	  user	  centred	  way.	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PinKom	  is	  the	  name	  given	  to	  a	  mock	  up	  of	  a	  tactile	  device	  conceived	  with	  the	  aim	  to	  
enable	  new	  forms	  of	  expression.	  Initially	  this	  design	  will	  be	  positioned	  by	  reviewing	  
practical	  attempts	  at	  creating	  digital	  and	  mechanical	  prototypes.	  Practical	  research	  
into	  building	  such	  a	  device	  will	  be	  described	  and	  the	  decision	  to	  use	  an	  object	  
without	  employing	  technology	  explained.	  Then,	  the	  setup	  of	  the	  actual	  PinKom	  study	  
will	  be	  described	  and	  the	  results	  evaluated.	  
5.1.1 Background	  and	  Approach	  
In	  this	  first	  part,	  the	  challenge	  and	  interest	  in	  the	  PinKom	  Study	  will	  be	  positioned.	  
When	  considering	  computer-­‐mediated	  communication,	  for	  a	  long	  time	  this	  has	  only	  
been	  possible	  with	  the	  aid	  of	  visual	  and	  auditory	  cues.	  Either	  voice,	  text	  or	  more	  
recently	  video	  for	  example	  have	  been	  explored	  for	  the	  purpose	  of	  expressing	  
information.	  Communication	  on	  the	  Internet	  has	  been	  mainly	  text-­‐based	  and	  mobile	  
phones	  have	  enjoyed	  a	  great	  surge	  of	  text	  message	  usage.	  Challenged	  by	  a	  limited	  
capability	  of	  expression	  in	  audio-­‐visual	  interfaces,	  interaction	  designers	  are	  seeking	  
alternatives	  –	  and	  as	  the	  senses	  of	  smell	  and	  scent,	  with	  great	  emotional	  loading	  
capabilities,	  seem	  impractical	  to	  implement,	  have	  focused	  on	  the	  sense	  of	  touch	  to	  
deliver	  solutions.	  Intuitively,	  the	  sense	  of	  touch	  seems	  very	  primal	  -­‐	  looking	  at	  the	  
literature	  of	  unmediated	  touch	  communication,	  there	  is	  indeed	  an	  indication	  that	  
touch	  works	  on	  a	  level	  that	  is	  difficult	  to	  describe,	  but	  very	  real.	  	  
In	  a	  recent	  literature	  review	  on	  devices	  for	  Mediated	  Social	  Touch	  (Haans	  et	  al,	  2006)	  
there	  was	  criticism	  that	  many	  of	  these	  designs	  had	  not	  been	  rigorously	  justified	  and	  
fail	  to	  specify	  what	  the	  haptic	  channel	  should	  precisely	  be	  adding	  to	  interaction	  
design.	  The	  authors	  point	  out	  that	  a	  flurry	  of	  devices	  was	  created,	  but	  not	  enough	  
academic	  rigour	  applied	  to	  either	  expected	  outcomes	  or	  evaluation.	  To	  expect	  the	  
addition	  of	  haptic	  experiences	  to	  communication	  devices	  to	  be	  able	  to	  communicate	  
presence	  better	  and	  make	  the	  experience	  somehow	  ‘richer’	  is,	  at	  present	  an	  
assumption	  and	  needs	  to	  be	  scientifically/methodically	  investigated.	  My	  research	  
has	  a	  slightly	  different	  approach.	  	  
With	  the	  consideration	  of	  technologically	  reproducible	  tactile	  stimuli,	  new	  
	  
	  187	  
opportunities	  open	  up,	  however	  is	  there	  a	  basis	  from	  a	  theoretical	  perspective	  for	  
communication	  exchange	  to	  be	  achievable?	  Touch	  gives	  a	  greater	  sense	  of	  
authenticity,	  which	  importantly	  can	  increase	  the	  range	  of	  potential	  emotional	  
meaning	  inherent	  in	  visually	  or	  aurally	  biased	  communication,	  conveying	  a	  more	  
accurate	  emotional	  intent.	  Touch	  is	  assumed	  to	  be	  very	  useful	  in	  communicating	  
presence	  and	  affect	  to	  loved	  ones	  in	  remote	  locations	  or	  increase	  a	  sense	  of	  
presence	  while	  interacting	  with	  digital	  environments	  (Ho	  et	  al,	  1998).	  It	  also	  has	  a	  
rich	  potential	  as	  a	  broadcasting	  medium	  (O'Modhrain,	  2004).	  	  
5.1.2 Forming	  of	  codes	  
I	  sought	  evidence	  to	  indicate	  what	  devices	  might	  work	  best	  in	  facilitating	  this	  
capacity	  to	  generate	  communicative	  codes.	  Many	  researchers	  found	  those	  devices	  
most	  successful	  that	  allowed	  for	  a	  forming	  of	  codes	  between	  participants	  -­‐	  allowed	  
the	  users	  to	  develop	  their	  own	  ways	  of	  using	  it	  and	  a	  language	  specific	  to	  a	  small	  
intimate	  circle	  of	  communicators.	  Rather	  than	  being	  too	  generic	  or	  too	  prescriptive,	  
allowing	  space	  for	  individual	  creative	  expression	  seems	  an	  essential	  element	  in	  
designing	  successful	  communication	  devices.	  
In	  the	  ComTouch	  project	  (Chang,	  2002)	  it	  was	  observed	  that	  users,	  who	  were	  
restricted	  to	  communicating	  via	  the	  tactile	  channel	  and	  had	  to	  negotiate	  a	  task	  
between	  them,	  successfully	  created	  new	  codes	  which	  enabled	  them	  to	  communicate	  
efficiently.	  Observing	  users	  in	  their	  familiar	  contexts	  allows	  new	  insights	  to	  come	  to	  
the	  surface.	  Specifically,	  Tollmar	  follows	  this	  approach	  and	  found	  that	  “some	  families	  
had	  developed	  new	  personal	  code	  languages	  for	  beeper	  communication,	  due	  to	  the	  
beeper	  allowing	  flexible	  use”	  (Tollmar,	  2000).	  He	  suggests	  providing	  a	  basic,	  simple	  
language,	  which	  should	  have	  the	  potential	  to	  develop	  into	  a	  more	  sophisticated	  
shared	  language.	  It	  seems	  therefore	  recommendable	  to	  allow	  for	  adaptation	  when	  
creating	  communication	  devices,	  if	  a	  personal,	  satisfactory	  relationship	  with	  the	  
device	  is	  to	  ensue.	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5.1.3 	  Researching	  Codes:	  Conceiving	  the	  PinKom	  
A	  device	  that	  was	  conceived	  with	  relationship	  and	  establishment	  of	  intimacy	  in	  mind	  
is	  the	  PinKom	  remote	  communication	  tool.	  This	  was	  conceived	  in	  the	  middle	  of	  a	  
surge	  of	  communication	  devices	  striving	  for	  ‘richer’	  channels	  of	  communication.	  This	  
often	  included	  the	  intuition	  that	  adding	  the	  possibility	  of	  communicating	  via	  the	  
tactile	  channel	  would	  allow	  intimate,	  personal	  expressions.	  
As	  the	  engineering	  of	  a	  working	  prototype	  seemed	  unfeasible,	  a	  mock-­‐up	  was	  
created	  which	  meant	  there	  was	  more	  time	  to	  go	  in	  depth	  about	  the	  
contextualisation	  of	  this	  research.	  Initially,	  the	  device	  was	  conceived	  intuitively,	  but	  
due	  to	  a	  lack	  of	  engineering	  skills	  the	  prototype	  could	  not	  be	  created	  and	  therefore	  I	  
decided	  to	  focus	  on	  the	  research	  of	  actual	  user	  interaction.	  However	  imaginative	  the	  
device	  may	  be	  for	  the	  designer,	  if	  users	  fail	  to	  make	  a	  meaningful	  connection	  with	  it	  
or	  through	  it,	  it	  is	  unlikely	  to	  be	  successful.	  The	  search	  for	  meaning	  in	  the	  haptic	  
sense	  could	  be	  as	  part	  of	  a	  larger	  culturally	  developed	  framework,	  as	  in	  the	  
investigation	  of	  tactile	  affordances	  with	  the	  Haptic	  Box	  study,	  or	  in	  terms	  of	  a	  
meaningful	  system	  between	  two	  particular	  people	  (or	  more).	  The	  interaction	  with	  
the	  PinKom	  is	  based	  on	  movement	  and	  could	  embrace	  a	  range	  of	  manipulations,	  
which	  is	  moving	  the	  type	  of	  touch	  from	  a	  tactile	  experience	  to	  a	  more	  kinaesthetic	  
experience.	  Whereas	  in	  the	  Haptic	  Box,	  tactile	  experiences	  are	  explored	  in	  a	  sensory	  
reduction	  compartment,	  i.e.	  a	  box	  that	  hides	  the	  materials	  from	  view,	  in	  the	  PinKom	  
all	  senses	  are	  invited	  to	  be	  used,	  meaning	  a	  combination	  of	  the	  visual-­‐haptic	  
dimension	  in	  terms	  of	  exploration.	  It	  investigates	  the	  personal	  affordances	  one	  
would	  have	  in	  terms	  of	  the	  device,	  and	  also	  in	  terms	  of	  communicating	  through	  the	  
device	  with	  a	  partner.	  
The	  user	  group	  for	  the	  PinKom	  would	  be	  couples	  in	  a	  long-­‐term	  relationship	  and	  the	  
aim	  was	  to	  provide	  means	  of	  communicating	  remotely.	  As	  the	  people	  know	  each	  
other	  well,	  it	  is	  very	  likely	  that	  they	  will	  be	  able	  to	  form	  communication	  codes	  
between	  themselves,	  which	  are	  private	  and	  intimate.	  The	  tool	  that	  they	  are	  given	  
does	  not	  prescribe	  a	  particular	  symbolic	  system,	  it	  merely	  provides	  a	  platform	  with	  
the	  possibility	  to	  create	  haptic	  expressions,	  which	  does	  not	  prescribe	  them	  or	  limit	  
them	  in	  any	  way.	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This	  study	  is	  similar	  to	  ComTouch,	  where	  the	  actual	  user	  behaviour	  is	  hoped	  to	  
inform	  design	  specifications.	  As	  described	  in	  earlier	  chapters,	  a	  current	  concern	  is	  to	  
establish	  the	  affordances	  and	  mappings	  of	  touch	  parameters	  (vibration,	  temperature	  
etc.)	  (Chang,	  2002)	  and	  to	  eventually	  accumulate	  a	  design	  palette	  for	  Haptics.	  
Creating	  the	  technology	  for	  this	  is	  difficult	  and	  building	  functional	  prototypes	  takes	  
up	  most	  of	  the	  research	  time.	  User	  studies	  often	  have	  to	  be	  reduced	  to	  pilot	  studies.	  
To	  counteract	  this	  a	  low-­‐tech	  solution	  was	  built,	  which	  could	  be	  useful	  in	  predicting	  
how	  people	  will	  use	  personal	  haptic	  devices.	  	  The	  technical	  difficulty	  to	  build	  this	  was	  
in	  my	  opinion	  beneficial	  to	  the	  design	  of	  the	  study	  –	  not	  being	  skilled	  or	  having	  
access	  to	  engineering	  knowledge,	  the	  prototype	  had	  to	  be	  inexpensive	  and	  simple	  to	  
make,	  which	  also	  made	  it	  possible	  to	  take	  it	  out	  of	  a	  research	  lab	  environment	  and	  
into	  peoples'	  lives,	  where	  they	  live:	  at	  home.	  Tollmar	  et	  al	  (2002)	  have	  suggested	  
that	  there	  is	  a	  need	  of	  combining	  methods	  and	  to	  observe	  actual	  daily	  usage	  of	  
technology,	  to	  understand	  its	  capacity	  to	  facilitate	  or	  hinder.	  
5.2 	  PinKom	  Pilot	  Project:	  Children’s	  Haptic	  Expressions	  
	   	   	  




5.2.1 Pilot	  Project:	  Motivation	  and	  Setup	  	  
In	  order	  to	  move	  towards	  a	  viable	  prototype,	  I	  undertook	  a	  preliminary	  study	  in	  a	  
school	  with	  children	  with	  special	  needs	  (learning	  difficulties	  and	  speech	  
impediments).	  Ethical	  consent,	  to	  observe	  and	  video	  the	  children	  for	  research	  
purposes,	  has	  been	  collected	  from	  the	  parents	  and	  the	  documentation	  resides	  with	  
the	  institution.	  The	  idea	  was	  to	  observe	  children,	  who	  may	  not	  have	  sophisticated	  
verbal	  skills,	  but	  may	  be	  more	  open	  to	  novel	  sensory	  ways	  of	  expressing	  themselves.	  
They	  were	  provided	  with	  a	  selection	  of	  play-­‐do	  –	  a	  medium	  which	  is	  both	  haptic	  and	  
visual	  and	  which	  allows	  the	  greatest	  range	  of	  individual	  expression.	  The	  routine	  of	  
the	  home	  environment	  stipulates	  the	  children	  to	  be	  involved	  in	  creative	  and	  shared	  
activities	  often,	  so	  they	  were	  familiar	  with	  each	  other	  and	  the	  residential	  care	  
worker	  present,	  who	  led	  them	  through	  the	  process.	  The	  children	  were	  sat	  round	  a	  
table	  and	  required	  to	  work	  on	  a	  sheet	  of	  A4	  paper,	  which	  is	  part	  of	  the	  normal	  
routine	  to	  avoid	  unnecessary	  soiling	  and	  staining	  of	  the	  furniture.	  The	  care	  worker	  
was	  given	  a	  list	  of	  messages	  that	  the	  children	  would	  be	  asked	  to	  model	  in	  clay.	  These	  
messages	  came	  from	  an	  Occupational	  Therapist,	  who	  works	  with	  people	  with	  low	  or	  
no	  verbal	  skills,	  in	  order	  to	  help	  them	  develop	  skills	  to	  express	  themselves	  and	  gain	  a	  
voice.	  It	  is	  important	  in	  care	  situations	  for	  example,	  that	  people	  can	  express	  their	  
dissatisfaction	  with	  a	  situation.	  The	  messages	  range	  from	  “I	  like	  you”,	  "I	  am	  angry",	  “I	  
am	  sorry”	  to	  "I	  want	  to	  be	  here"	  or	  "I	  don’t	  want	  to	  be	  here".	  They	  are	  mostly	  of	  an	  





Fig	  71	   Message	  sheet	  used	  in	  Occupational	  Therapy	  
The	  residential	  care	  worker	  sat	  with	  the	  children	  and	  explained	  the	  messages	  that	  
they	  were	  asked	  to	  portray	  through	  the	  clay,	  while	  I	  was	  filming.	  There	  were	  five	  
children	  of	  the	  age	  of	  six	  to	  seven.	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5.2.2 Pilot	  Project:	  Outcome	  and	  Evaluation	  
	   	   	  
Fig	  72	   2-­‐D	  representation	  of	  a	  
heart	  
Fig	  73	   Another	  2-­‐D	  heart	   Fig	  74	   Some	  hesitation	  	  
	   	   	  
Fig	  75	   Using	  ball	  of	  play-­‐do	  for	  
mark	  making	  
Fig	  76	   Using	  the	  play-­‐do	  to	  
leave	  traces	  and	  'paint’'	  
Fig	  77	   An	  actual	  3D	  shape	  
	   	   	  
Fig	  78	   Sculpted,	  then	  flattened	  
onto	  the	  paper	  
Fig	  79	   Creating	  outline	  picture	  
by	  tearing	  off	  bits	  of	  play-­‐do	  	  
Fig	  80	   Presenting	  the	  nearly	  
finished	  ‘picture’	  
One	  girl	  used	  the	  clay	  in	  the	  form	  of	  paint,	  so	  she	  would	  shape	  it	  into	  lines	  and	  draw	  
the	  outlines	  of	  objects	  she	  wanted	  to	  portray.	  She	  started	  "painting"	  with	  the	  clay	  by	  
tearing	  off	  little	  bits	  shaped	  like	  a	  flower-­‐petal	  and	  sticking	  them	  on	  the	  sheet	  of	  
paper,	  making	  up	  an	  outline	  of	  a	  visual	  image.	  Some	  children	  created	  objects,	  for	  
example	  they	  would	  knead	  a	  flower	  to	  say,	  "I	  am	  sorry".	  This	  use	  of	  symbols	  shows	  a	  
culturally	  conventional	  approach.	  There	  were	  also	  creations	  of	  2D-­‐heart	  shapes	  and	  
various	  indefinable	  ones.	  The	  temptation	  to	  work	  in	  2D,	  which	  could	  have	  been	  
fostered	  by	  the	  provision	  of	  a	  white	  frame	  in	  the	  shape	  of	  an	  A4	  piece	  of	  paper,	  went	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so	  far	  that	  one	  boy	  actually	  used	  the	  play-­‐do	  to	  create	  traces	  on	  the	  paper	  –	  he	  was	  
literally	  drawing.	  
With	  hindsight,	  it	  may	  have	  been	  better	  to	  provide	  visual	  cues,	  although	  that	  may	  
have	  predetermined	  the	  outcome.	  Listening	  to	  auditory	  cues	  (the	  care	  worker	  
reading	  out	  messages	  and	  giving	  instructions)	  was	  clearly	  a	  challenge	  for	  these	  
children,	  and	  focus	  was	  naturally	  varied.	  The	  children	  are	  a	  group	  that	  display	  
challenging	  behaviour	  and	  although	  group	  activities	  like	  these	  are	  nothing	  out	  of	  the	  
ordinary,	  the	  majority	  was	  keen	  to	  leave	  and	  play	  outside,	  as	  it	  was	  a	  very	  sunny	  day.	  
A	  recommendation	  from	  the	  residential	  social	  worker	  was	  to	  entice	  interaction	  by	  
integrating	  these	  activities	  into	  a	  narrative,	  which	  could	  be	  introduced	  by	  a	  glove	  
puppet	  or	  a	  doll,	  which	  is	  unable	  to	  speak	  for	  example.	  This	  would	  illustrate	  the	  
problem	  of	  not	  using	  words,	  and	  ignite	  their	  creative	  powers	  in	  trying	  to	  express	  
themselves	  in	  other	  ways.	  On	  reflection,	  there	  are	  certainly	  a	  few	  improvements	  to	  
be	  made	  to	  a	  process	  such	  as	  this.	  From	  the	  beginning,	  there	  was	  a	  worry	  the	  task	  
would	  be	  too	  abstract.	  Concepts	  of	  “love”	  and	  “happy”	  may	  not	  be	  fully	  formed	  in	  
the	  children,	  and	  to	  ask	  them	  to	  express	  these	  in	  a	  form	  unfamiliar	  to	  them	  (i.e.	  not	  
relying	  on	  drawing	  heart	  shapes)	  may	  be	  too	  ambitious.	  On	  the	  other	  hand,	  this	  was	  
a	  calculated	  risk,	  as	  exactly	  this	  freedom	  of	  pre-­‐determined	  cultural	  association	  may	  
have	  resulted	  in	  completely	  novel	  expressions.	  	  
To	  summarise,	  this	  initial	  experiment	  gave	  me	  some	  insights	  in	  terms	  of	  initial	  design	  
parameters	  for	  a	  haptic	  communication	  device.	  Apart	  from	  realising	  some	  
improvements	  could	  have	  been	  made	  in	  the	  design	  of	  the	  set-­‐up,	  it	  has	  still	  shown	  
me	  that	  being	  able	  to	  make	  a	  physical	  impression	  can	  be	  useful	  in	  order	  to	  
communicate.	  Whether	  this	  is	  taken	  in	  the	  visual	  domain	  or	  felt,	  participants	  are	  
comfortable	  with	  the	  idea	  of	  expressing	  themselves	  through	  a	  malleable	  surface.	  The	  
scale	  of	  a	  potential	  communication	  device	  will	  have	  to	  be	  considered.	  Just	  greater	  
than	  hand	  size	  seems	  a	  good	  option	  to	  accommodate	  all	  possible	  expressions,	  
however	  hand	  sizes	  of	  course	  vary	  a	  lot.	  One	  recommendation	  would	  be	  to	  
accommodate	  the	  larger	  hands,	  if	  possible	  from	  an	  engineering	  point	  of	  view,	  as	  
aesthetically	  a	  larger	  space	  is	  not	  problematic,	  in	  fact	  it	  gives	  even	  more	  'room	  to	  
explore'.	  To	  be	  considered	  in	  the	  process	  of	  communication	  are	  whether	  it	  is	  an	  act	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of	  translation,	  adaptation	  or	  innovation	  in	  transmission	  of	  information.	  In	  fact,	  all	  of	  
these	  are	  problematic,	  yet	  interesting.	  What	  in	  the	  design	  enables	  enticement	  to	  
convey	  touch	  rather	  than	  depict	  touch?	  
5.3 	  Tactile	  Communication	  Device:	  Initial	  Proposal	  
	  
Fig	  81	   Initial	  Sketching	  of	  ideas	  for	  a	  tactile	  communication	  device	  
The	  initial	  idea	  for	  PinKom	  was	  to	  build	  a	  communication	  tool	  in	  order	  to	  study	  the	  
potential	  of	  tactile	  communication.	  This	  was	  hoped	  to	  enable	  individual,	  emotional	  
and	  artistic	  expression	  and	  to	  explore	  and	  allow	  other	  channels	  of	  communication	  
that	  may	  get	  lost	  in	  remote	  communication.	  The	  original	  idea	  was	  to	  have	  a	  ball	  that	  
fits	  into	  the	  palm	  of	  the	  hand,	  which	  was	  able	  to	  display	  dents,	  shapes	  and	  grooves.	  
This	  illustration	  shows	  how	  the	  device	  was	  envisaged	  to	  work	  –	  the	  user	  interaction	  
scenario	  on	  the	  left,	  and	  the	  construction	  mechanism	  behind/underneath	  it	  on	  the	  
right.	  One	  person	  would	  hold	  a	  mouldable	  ball	  in	  his	  hand	  and	  manipulate	  this	  with	  
his	  hands	  or	  fingers.	  Another	  person	  would	  have	  a	  similar,	  second	  ball	  and	  be	  able	  to	  
watch	  and	  feel	  the	  bumps	  and	  dents	  appearing.	  This	  shape	  shifting	  in	  real	  time,	  
perceivable	  by	  the	  hand,	  would	  have	  a	  great	  impact	  on	  the	  sense	  of	  presence	  for	  
	  
	  195	  
users	  communicating	  remotely,	  and	  also	  enable	  unique	  idiosyncratic	  expressions.	  
The	  layer	  of	  clay/rubber	  was	  to	  be	  pushed	  and	  dented	  by	  pins	  under	  the	  surface,	  
arranged	  in	  a	  matrix	  of	  high	  resolution,	  creating	  the	  illusion	  of	  a	  bump	  or	  dent	  on	  the	  
surface.	  The	  pins	  were	  to	  be	  controlled	  by	  an	  internal	  chip,	  transmitting	  instructions	  
from	  an	  external	  processor,	  to	  enable	  the	  handheld	  device	  to	  stay	  small	  and	  
wireless.	  
5.3.1 Tactile	  Display	  Devices:	  Research	  
The	  next	  step	  was	  therefore	  to	  research	  the	  feasibility	  of	  constructing	  such	  a	  
mechanism.	  Interestingly,	  the	  mechanism	  as	  envisaged	  above	  is	  not	  unfeasible.	  
Some	  initial	  research	  revealed	  several	  different	  attempts	  at	  producing	  a	  pin-­‐driven	  
tactile	  shape	  display	  (as	  it	  was	  found	  to	  be	  named).	  These	  range	  from	  assistive	  
devices	  for	  the	  visually	  impaired,	  to	  sensory	  augmentation	  for	  medicine	  (tele-­‐
operation	  /	  remote	  surgery)	  through	  to,	  more	  recently,	  communication	  devices.	  To	  
illustrate	  how	  different	  developers	  have	  tackled	  the	  engineering	  feat	  that	  is	  a	  pin	  
driven	  tactile	  device,	  several	  projects	  are	  reviewed	  here,	  with	  a	  view	  on	  
technological	  design	  and	  construction	  as	  a	  focus.	  	  
5.3.1.1 	  	   Haptic	  Screen	  -­‐	  FEELEX	  1	  
	  
	  
Fig	  82	   A	  Haptic	  Screen	  -­‐	  Feelex	  1	  
This	  is	  a	  "Haptic	  Screen"	  (Iwata	  et	  al,	  2001)	  with	  visible	  pistons,	  driven	  by	  
servomotors,	  moving	  the	  covering	  surface	  up	  and	  down.	  Combined	  with	  an	  
animated	  projection	  from	  the	  top,	  this	  can	  create	  the	  illusion	  of	  a	  fish	  moving	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through	  moving	  water.	  It	  is	  called	  a	  Haptic	  Screen	  because	  it	  is	  enabling	  continuous	  
exploration	  of	  a	  virtual	  object	  with	  the	  hands.	  
5.3.1.2 Tactile	  Display	  using	  Servomotors	  
	  
	  
Fig	  83	   Tactile	  Display	  driven	  by	  
servomotors	  
Fig	  84	   6x6	  resolution	  of	  pins	  
This	  is	  a	  suggestion	  for	  a	  low-­‐cost	  construction	  of	  a	  tactile	  display,	  using	  Servomotors	  
to	  drive	  the	  pins.	  The	  resolution	  is	  6	  by	  6,	  with	  the	  pins	  protruding	  about	  2	  mm.	  The	  
latex	  rubber	  sheet	  serves	  as	  a	  "spatial	  low	  pass	  filter".	  This	  device	  was	  developed	  by	  
(Wagner	  et	  al,	  2004)	  for	  tactile	  research.	  The	  researchers	  describe	  it	  as	  reasonably	  
strong,	  dynamic,	  good	  bandwidth	  and	  simple	  to	  build,	  as	  well	  as	  being	  scalable.	  
Problems	  were	  found	  with	  friction	  and	  perceivable	  noise,	  also	  with	  the	  complexity	  of	  
the	  electronics	  and	  the	  bulkiness	  of	  the	  construction.	  
5.3.1.3 Tactile	  Display	  for	  Laparoscopic	  Surgery	  (minimally	  invasive	  palpation	  
system)	  
	   	  
Fig	  85	   Tactile	  display	  with	  a	  
resolution	  of	  8x8	  
Fig	  86	   Schematic	  Drawing	  of	  
construction	  with	  springs	  
This	  display	  was	  developed	  for	  minimal,	  or	  keyhole	  surgery.	  The	  advantages	  of	  not	  
opening	  up	  the	  body	  more	  than	  absolutely	  necessary	  to	  perform	  medical	  procedures	  
are	  obvious.	  The	  device	  developed	  here	  is	  the	  tactile	  display	  representing	  
information	  gathered	  from	  a	  tactile	  optical	  sensor,	  which	  is	  mounted,	  on	  a	  long,	  thin	  
rod.	  This	  can	  scan	  internal	  body	  tissue	  and	  enable	  the	  surgeon	  to	  'feel'	  this	  remotely,	  
via	  the	  pin	  driven	  shape	  display.	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After	  this	  initial	  research,	  it	  was	  clear	  that	  although	  it	  is	  physically	  possible	  at	  the	  
moment	  to	  create	  such	  a	  device,	  it	  would	  be	  beyond	  the	  scope	  of	  an	  Art	  &	  Design	  
thesis,	  as	  most	  of	  these	  projects	  are	  involving	  large	  teams	  of	  engineers	  and	  
programmers	  working	  for	  several	  years	  on	  very	  large	  budgets.	  However,	  the	  
research	  allowed	  me	  to	  articulate	  and	  describe	  more	  specifically	  how	  this	  device	  
would	  work,	  namely	  driven	  by	  a	  pin-­‐matrix	  shape	  display.	  Pins	  will	  have	  to	  be	  
moveable	  outwards	  and	  resisting	  a	  particular	  force	  by	  the	  hand.	  They	  also	  need	  
small	  motors	  with	  an	  energy	  source	  housed	  nearby	  or	  small	  enough	  to	  be	  
incorporated.	  If	  the	  device	  is	  to	  be	  networked,	  bandwidth	  and	  latency	  are	  important	  
considerations.	  There	  needs	  to	  be	  a	  mechanism	  allowing	  the	  pins	  to	  fall	  back	  to	  their	  
original	  position,	  so	  lastly,	  the	  resolution	  of	  the	  pin-­‐matrix	  is	  relevant	  to	  the	  
engineering	  effort.	  It	  also	  enabled	  me	  to	  use	  the	  language	  particular	  to	  the	  
Engineering	  discipline,	  and	  some	  of	  the	  practical	  problems	  and	  issues	  surrounding	  
the	  technology	  to	  date.	  	  
5.3.2 Devices	  inspired	  by	  Pinpression	  Toy:	  Research	  
Hence,	  the	  proposal	  for	  the	  PinKom	  device	  was	  refined.	  In	  order	  to	  allow	  affective	  
real	  time	  communication,	  a	  Teletaction	  sensor/actuator	  system	  would	  be	  created.	  
The	  active	  partner	  in	  the	  conversation	  lays	  his	  hand	  on	  the	  device,	  pressure	  and	  
shape	  being	  measured	  is	  then	  transferred	  to	  the	  remote	  device.	  As	  a	  mock	  up	  of	  this	  
process,	  a	  Pinpression	  toy	  was	  procured	  to	  illustrate	  the	  process	  of	  one	  device	  




	   	  
Fig	  87	   Tactile	  Sensor/Shape	  Display	  simulation	  
	  
Further	  research	  for	  devices	  inspired	  by	  the	  classic	  Pinpression	  toy	  revealed	  a	  whole	  
range	  of	  projects,	  again	  tackling	  the	  engineering	  and	  the	  usability	  problems	  from	  




	   	  
Fig	  88	   Multipurpose	  
Array	  of	  Tactile	  Rods	  	  
Fig	  89	   Digital	  Pin	  Display	   Fig	  90	   The	  Wizard	  of	  Rods	  
	  
5.3.2.1 MATRIX	  
MATRIX	  (Matrix,	  2002)	  is	  an	  acronym	  for	  Multipurpose	  Array	  of	  Tactile	  Rods	  for	  
Interactive	  Expression	  and	  is	  designed	  as	  a	  new	  musical	  instrument	  with	  the	  aim	  of	  
giving	  new	  forms	  of	  expression.	  The	  interface	  and	  musical	  applications	  were	  
designed	  by	  Dan	  Overholt	  at	  the	  MIT	  Media	  Lab,	  as	  part	  of	  his	  MSc	  Media	  Arts	  and	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Sciences	  in	  2000.	  This	  device	  is	  different	  from	  the	  others	  reviewed	  here	  in	  the	  sense	  
that	  it	  is	  an	  input	  device.	  The	  hand	  of	  the	  interacting	  user	  moves	  the	  pins,	  and	  this	  
interaction	  is	  translated	  into	  sound.	  The	  aim	  of	  the	  device	  was	  to	  enable	  novice	  
musicians	  to	  manipulate	  sounds	  intuitively,	  or	  to	  give	  seasoned	  instrumentalists	  a	  
new	  palette	  of	  expression.	  The	  device	  has	  a	  matrix	  of	  12	  x12	  rods	  sensed	  by	  opto-­‐
electronic	  sensing	  to	  determine	  the	  position	  of	  each	  rod.	  The	  rods	  are	  made	  of	  
Plexiglas,	  as	  to	  allow	  infrared	  to	  travel	  through	  them	  and	  thereby	  detect	  the	  
direction	  and	  rate	  of	  travel	  for	  each	  rod.	  This	  material	  also	  enabled	  the	  designer	  to	  
engage	  it	  as	  a	  visual	  device	  by	  adding	  a	  light	  source	  underneath,	  emitting	  visual	  
feedback	  in	  the	  form	  of	  different	  coloured	  LEDs/light	  patterns.	  
5.3.2.2 Digital	  Pin	  Display	  
This	  device	  (Digital	  Pin	  Display,	  2003)	  was	  created	  by	  Dick	  van	  Schravendijk	  as	  part	  of	  
his	  Mediatechnology	  MA	  at	  Leiden	  Institute	  of	  Advanced	  Computer	  Science.	  His	  aim	  
was	  to	  represent	  a	  digital	  2D	  image	  in	  a	  3D	  physical	  form.	  He	  chose	  a	  matrix	  of	  24x16	  
pins,	  which	  seemed	  mechanically	  feasible	  and	  also	  would	  give	  enough	  ‘pixels’	  to	  
display	  a	  recognisable	  image.	  By	  computer	  simulation	  he	  detected	  that	  it	  did	  not	  
matter	  for	  visual	  perception	  whether	  the	  pins	  were	  square	  or	  round,	  so	  incorporated	  
round	  pins,	  which	  are	  easier	  to	  work	  with.	  The	  aluminium	  pins	  are	  mounted	  on	  a	  
black	  plate	  to	  enhance	  the	  shading	  effect	  when	  the	  pins	  are	  raised.	  
A	  combination	  of	  motors	  was	  used:	  stepper	  motors	  move	  the	  rail	  of	  pins	  into	  the	  
right	  position	  for	  the	  servomotors	  to	  shift	  the	  pins.	  These	  are	  housed	  separately	  to	  
the	  DPD	  to	  avoid	  vibrations	  and	  other	  interferences.	  The	  motors	  were	  controlled	  
through	  a	  MIDI	  interface	  programmed	  in	  MAX/MSP.	  To	  reset	  the	  image,	  the	  display	  
moves	  back	  90degrees,	  producing	  an	  interesting	  sound	  in	  the	  process.	  The	  user	  can	  
interact	  with	  this	  by	  operating	  a	  giant	  physical	  ‘emergency’	  type	  button.	  A	  new	  
image	  will	  then	  be	  loaded	  from	  a	  database.	  
5.3.2.3 Wizard	  of	  Rods	  
(The	  Wizard	  of	  Rods,	  2007)	  was	  constructed	  and	  exhibited	  at	  Trinity	  College,	  Dublin	  
by	  Kai	  Döhler	  and	  Michael	  O’Donnell	  as	  part	  of	  their	  MSc	  Multimedia	  Systems.	  With	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the	  combination	  of	  mechanical	  engineering	  and	  AI	  technologies,	  they	  have	  created	  a	  
physical	  pin	  display,	  which	  simulates	  a	  talking	  face,	  with	  the	  apparent	  inspiration	  of	  
creating	  a	  Wizard	  to	  interact	  with	  as	  seen	  in	  the	  film	  “Wizard	  of	  Oz”.	  The	  user	  can	  
interact	  by	  asking	  questions	  (typed	  in	  by	  keyboard),	  which	  will	  be	  answered	  by	  
moving	  the	  pins	  (operated	  by	  stepper	  motors)	  and	  synthesised	  voice.	  The	  
lightweight	  stepper	  motors	  serve	  several	  pins;	  there	  are	  active	  and	  passive	  rods	  and	  
spirals.	  The	  stepper	  motors	  were	  controlled	  by	  microprocessors	  mounted	  on	  3	  
boards.	  The	  Wizard	  has	  three	  layers	  viewed	  from	  the	  side;	  the	  middle	  plate	  is	  the	  
Bearing	  Plate,	  which	  supports	  the	  weight	  of	  the	  aluminium	  rods.	  The	  faceplate	  is	  the	  
visible	  one,	  whereas	  the	  back	  plate	  is	  for	  mounting	  all	  the	  electronic	  components.	  
	   	  
	  
	  
Fig	  91	   Wooden	  Mirror	   Fig	  92	   Tactile	  mouse	  (top)	  and	  
mobile	  phone	  pin	  display	  (bottom)	  
	  
Fig	  93	   User	  interacting	  with	  Lumen	  (left)	  and	  two	  users	  interacting	  with	  Lumen	  (right)	  
	  
5.3.2.4 Wooden	  Mirror	  
An	  artist	  and	  educator	  in	  New	  York,	  Daniel	  Rozin	  works	  with	  the	  theme	  of	  mirrors	  as	  
a	  reflection	  of	  a	  viewer	  or	  user	  of	  his	  creations.	  His	  mechanical	  mirror	  installations	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are	  interactive	  and	  react	  to	  the	  user’s	  movement	  by	  reflecting	  the	  images	  captured	  
through	  video	  cameras	  in	  real	  time.	  Particularly	  his	  Wooden	  Mirror	  (1999)	  and	  Shiny	  
Balls	  Mirror	  (2003)	  work	  as	  an	  inspiration	  for	  the	  PinKom	  device.	  Rozin	  states	  he	  likes	  
to	  take	  organic,	  analogue	  elements	  and	  work	  them	  into	  digital	  experiences.	  
5.3.2.5 Talking	  to	  the	  Hand	  
	  Talking	  to	  the	  Hand	  (2006)	  is	  a	  research	  project	  exploring	  objects	  with	  shape-­‐shifting	  
properties,	  developed	  by	  Oren	  Horev	  as	  part	  of	  his	  MA	  at	  the	  Interaction	  Design	  
Institute	  Ivrea	  in	  2006.	  One	  of	  his	  prototypes,	  Terrain	  of	  Information,	  is	  a	  touch	  panel	  
(pin	  display),	  which	  can	  be	  used	  to	  interact	  with	  the	  screen.	  The	  surface	  of	  this	  
tactile	  	  ‘mouse’	  will	  react	  in	  response	  to	  the	  objects	  on	  screen,	  revealing	  hidden	  
characteristics	  such	  as	  bumps,	  which	  can	  represent	  for	  example	  the	  size	  of	  a	  folder.	  
The	  Tactophone	  is	  an	  attempt	  to	  create	  something	  very	  similar	  to	  PinKom	  –	  the	  
proposal	  of	  a	  tactile	  pin	  display	  incorporated	  into	  a	  mobile	  phone.	  This	  was	  again	  
used	  to	  represent	  information	  through	  the	  tactile	  dimension.	  The	  display	  at	  the	  back	  
of	  the	  phone	  could	  be	  explored	  during	  phone	  calls.	  
5.3.2.6 Lumen	  
Created	  by	  Ivan	  Poupyrev	  at	  Sony	  CSL	  Interaction	  Lab	  and	  exhibited	  in	  its	  initial	  
prototype	  form	  at	  SIGGRAPH	  2004	  and	  Ars	  Electronica	  in	  2005,	  Lumen	  (2004)	  was	  
designed	  to	  physically	  communicate	  information	  to	  the	  user,	  such	  as	  graphical	  
images,	  which	  can	  be	  viewed	  or	  touched,	  and	  is	  in	  that	  sense	  a	  display	  device.	  
However,	  it	  can	  also	  sense	  the	  user’s	  hands	  so	  the	  images	  can	  be	  manipulated	  and	  
could	  be	  networked	  to	  let	  users	  interact	  with	  each	  other	  and	  enable	  haptic	  
communication.	  The	  aim	  was	  for	  2D	  images	  to	  become	  more	  realistic,	  for	  example	  
enabling	  a	  sweeping	  motion	  when	  displaying	  floating	  water.	  It	  was	  also	  designed	  to	  
create	  a	  haptic	  display	  device	  and	  let	  users	  explore,	  feel	  and	  interact	  with	  3D	  
physical	  shapes	  –	  for	  example,	  drawing	  a	  physical	  wave	  by	  sweeping	  the	  hand	  over	  
the	  display.	  The	  developers	  envisage	  future	  applications	  to	  be	  ubiquitous	  and	  
embedded	  in	  public	  displays,	  electronic	  appliances,	  living	  environments	  and	  mobile	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devices.	  The	  pins	  are	  actuated	  by	  shape-­‐memory	  alloy	  wires	  (SMA)	  which	  when	  





Fig	  94	   Super	  Cilia	  Skin	  (2002)	  in	  
use	  
Fig	  95	   Dsplay	  on	  the	  OPUS	  8	  
Watch	  
Fig	  96	   The	  Pinclock	  
5.3.2.7 Super	  Cilia	  Skin	  
This	  is	  not	  a	  display	  device	  using	  pins,	  but	  fits	  into	  the	  category	  of	  displaying	  texture	  
by	  computer	  controlled	  physical	  elements.	  It	  was	  developed	  by	  Raffle	  et	  al	  (2003)	  at	  
the	  Tangible	  Media	  Group,	  MIT	  Media	  Lab.	  The	  inspiration	  for	  this	  were	  organic	  
textures	  that	  change	  shape	  dynamically,	  for	  example	  a	  wheat	  field.	  The	  user	  can	  
interact	  with	  the	  changing	  texture	  by	  watching	  or	  by	  running	  their	  hand	  over	  it	  and	  
the	  researchers	  were	  hoping	  to	  achieve	  a	  more	  evocative	  communication	  (display)	  of	  
digital	  content.	  
5.3.2.8 OPUS	  8	  Watch	  
Again,	  this	  is	  an	  attempt	  to	  bring	  together	  an	  analogue	  mechanical	  device	  with	  
digital	  circuitry.	  Opus	  8	  (2008)	  is	  a	  watch	  designed	  and	  developed	  by	  Frédéric	  
Garinaud	  for	  Harry	  Winston	  Rare	  Timepieces,	  displaying	  LED	  watch	  inspired	  numbers	  
by	  raising	  mechanical	  pixels.	  
5.3.2.9 Pinclock	  
The	  Pinclock	  is	  a	  commercially	  available	  alarm	  clock,	  using	  mechanically	  operated	  
pins	  to	  display	  the	  time.	  Aside	  from	  finding	  this	  in	  commercial	  catalogues	  to	  buy,	  the	  
construction	  can	  be	  viewed	  in	  a	  video	  about	  the	  Pinclock	  (2006)	  on	  YouTube.	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So,	  in	  summary	  this	  review	  has	  informed	  my	  thinking	  for	  the	  next	  stage.	  In	  terms	  of	  
engineering,	  it	  has	  given	  some	  insight	  into	  different	  types	  of	  scale	  and	  different	  ways	  
of	  constructing	  the	  mechanics	  behind	  these	  tactile	  displays.	  The	  relevance	  of	  careful	  
consideration	  of	  resolution	  of	  the	  pin	  matrix	  is	  also	  highlighted	  here.	  With	  regard	  to	  
the	  interaction	  design,	  best	  practice	  approaches	  can	  be	  drawn	  as	  to	  what	  relates	  
best	  to	  human	  touch	  sensitivity.	  Particularly	  relevant	  to	  use	  as	  a	  communication	  
interface	  are	  those	  factors,	  which	  give	  the	  best	  local	  feedback	  in	  terms	  of	  being	  
happy	  touching	  the	  device,	  and	  assisting	  authenticity.	  For	  example,	  metallic	  (and	  
potentially	  cold)	  pins	  might	  inappropriately	  'colour'	  intended	  meaning,	  whilst	  those	  
operated	  by	  a	  loose	  mechanics	  may	  have	  a	  fluidity,	  which	  deters	  the	  perception	  of	  a	  
genuine	  presence.	  
5.3.3 PinKom:	  ‘Scenario	  Design’	  	  
On	  a	  research	  visit	  to	  the	  innovative	  Interaction	  Design	  Institute	  Ivrea	  in	  Italy,	  I	  was	  
introduced	  to	  a	  design	  methodology	  called	  “scenario	  design”.	  For	  every	  perceived	  
interaction	  device,	  scenarios	  are	  created	  where	  the	  actual	  use	  of	  the	  design	  is	  
illustrated	  –	  to	  think	  through	  and	  discover	  design	  flaws	  as	  well	  as	  justify	  a	  need	  for	  it	  
by	  portraying	  possible	  applications.	  This	  methodology	  inspired	  me	  to	  do	  the	  same	  
for	  the	  PinKom	  device.	  
	   	  
Fig	  97	   Hand	  interacting	  with	  the	  
PinKom	  –	  feeling	  the	  shape	  of	  
another	  
Fig	  98	   Hand	  interacting	  with	  





5.3.3.1 Communicating	  with	  Faraway	  Loved	  One	  	  
	  
Fig	  99	   User	  Scenario	  I:	  Two	  lovers	  communicating	  remotely	  
	  
Fig	  100	   User	  Scenario	  II	  –	  Broadcasting	  touch	  
The	  passive,	  receiving	  partner	  can	  lay	  the	  hand	  on	  his	  device	  and	  feel	  and	  explore	  
the	  shape	  of	  the	  other	  person's	  hand.	  This	  could	  extend	  the	  affective	  possibilities	  for	  
communication	  for	  distant	  relatives	  and	  loved	  ones	  -­‐	  being	  able	  to	  feel	  the	  other	  
one's	  touch	  in	  real-­‐time.	  Both	  devices	  can	  act	  as	  actuator	  or	  sensor.	  Sensations	  can	  
be	  felt	  and	  created	  with	  either	  the	  hand	  or	  any	  other	  body	  part.	  The	  array	  of	  pins	  
creates	  an	  impression	  of	  the	  hand	  and	  via	  force	  feedback;	  the	  amount	  of	  pressure	  
that	  is	  being	  exerted	  on	  the	  pins	  can	  be	  felt.	  It	  could	  also	  be	  beneficial	  to	  include	  
temperature-­‐	  the	  device	  would	  get	  warmer	  with	  use.	  A	  light	  inside	  the	  box	  could	  
light	  up	  the	  pins	  to	  alert	  the	  receiver	  that	  someone	  wants	  to	  touch	  him.	  
Alternatively,	  this	  alert	  could	  be	  done	  with	  an	  auditory	  or	  even	  olfactory	  signal.	  	  The	  
pins	  need	  to	  be	  arranged	  in	  a	  relatively	  high	  resolution	  (at	  least	  ca.	  15	  x	  40	  pins	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arranged	  with	  max	  3mm	  spacing	  between	  them)	  and	  can	  be	  covered	  in	  fabric	  to	  
enhance	  the	  tactile	  quality.	  
5.3.3.2 Broadcasting	  Touch	  
A	  variant	  application	  of	  the	  interpersonal	  communication	  device	  would	  be	  the	  
possibility	  of	  broadcasting	  one's	  touch	  -­‐	  celebrities	  would	  be	  able	  to	  literally	  touch	  a	  
mass	  audience.	  Imagine	  the	  fan	  hanging	  onto	  their	  stars’	  every	  word	  either	  on	  TV	  or	  
radio	  –	  just	  wishing	  they	  could	  sit	  next	  to	  them,	  just	  once,	  just	  for	  a	  minute…	  Now	  
imagine	  all	  fans	  watching	  the	  star	  switch	  on	  their	  PinKom	  which	  is	  connected	  either	  
to	  a	  PC	  or	  digital	  TV	  –	  the	  celebrity	  can	  create	  an	  impression	  on	  the	  PinKom	  in	  the	  
studio	  which	  will	  be	  transmitted,	  in	  real	  time	  to	  the	  audience	  at	  home.	  You	  can	  
shake	  hands	  with	  Clint	  Eastwood,	  put	  your	  cheek	  next	  to	  Kylie	  Minogue’s	  or	  feel	  
Arnold	  Schwarzenegger	  tapping	  your	  leg.	  The	  potential	  realism	  of	  this	  experience	  is	  
tremendous.	  Because	  we	  put	  so	  much	  faith	  in	  our	  sense	  of	  touch,	  our	  highest	  
instance	  of	  belief,	  the	  illusion	  of	  reality	  will	  be	  much	  greater	  than	  with	  only	  
audiovisual	  senses	  being	  employed.	  
5.3.4 PinKom:	  Prototype	  Design	  Iterations	  
The	  design	  problem	  was	  that	  for	  the	  PinKom	  to	  work	  remotely,	  as	  a	  communication	  
device,	  considerable	  engineering	  work	  would	  have	  to	  be	  done.	  Several	  tactile	  
displays	  exist	  across	  the	  world,	  however	  these	  are	  still	  labour-­‐intensive	  and	  
expensive	  to	  make.	  It	  seemed	  unfeasible	  to	  build	  this	  within	  an	  Art	  &Design	  context,	  
but	  nevertheless	  attempts	  were	  made	  to	  create	  a	  moving	  pin	  display,	  however	  low	  
the	  resolution	  would	  be.	  The	  sensing	  side	  was	  to	  be	  researched	  later,	  as	  this	  seemed	  
fairly	  straightforward	  with	  sophisticated	  touch	  pressure	  sensors	  available	  and	  also,	  
for	  the	  sake	  of	  testing	  the	  user	  interaction	  with	  the	  device,	  a	  sensor	  simulation	  could	  
be	  sufficient,	  i.e.	  the	  display	  could	  draw	  initially	  from	  pre-­‐shaped	  forms.	  It	  was	  
considered	  that	  possibly	  the	  lowest	  resolution	  of	  3x3	  moving	  pins	  would	  give	  an	  
impression	  and	  the	  desired	  effect,	  which	  would	  make	  it	  worthwhile	  as	  an	  object	  of	  
study.	  The	  mechanical	  construction	  of	  the	  device	  as	  it	  was	  envisaged	  faces	  many	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challenges	  –	  apart	  from	  the	  obvious	  ones,	  size	  and	  power	  supply.	  The	  pins	  are	  not	  to	  
be	  pushed	  out	  the	  other	  end,	  they	  are	  to	  return	  to	  their	  original	  position	  softly,	  there	  
has	  to	  be	  some	  resistance	  in	  movement,	  as	  to	  create	  graded	  dents	  and	  hills.	  
5.3.4.1 Engineering	  Experiments	  with	  LEGO	  MindStorms	  
A	  mechanism	  was	  devised	  with	  the	  Robotics	  construction	  kit	  Lego	  MindStorms.	  The	  
aim	  was	  to	  create	  a	  mechanism	  that	  would	  be	  able	  to	  push	  pins	  ‘upwards’,	  or	  in	  the	  
first	  instance,	  forwards.	  This	  design	  initially	  introduced	  me	  to	  the	  mechanical	  
problems	  a	  lot	  of	  moving	  pin	  displays	  have	  been	  facing	  –	  i.e.	  friction	  of	  moving	  parts	  
through	  holes	  and	  the	  precision	  of	  materials	  this	  calls	  for.	  A	  slight	  change	  in	  position,	  
and	  the	  construction	  will	  fail.	  
For	  the	  first	  iteration,	  a	  framework	  was	  constructing	  housing	  a	  servomotor	  (driven	  
by	  the	  LEGO	  brick),	  which	  has	  a	  spinning	  attachment.	  This	  was	  used	  via	  translating	  
motion	  wheels	  and	  bands	  to	  drive	  several	  loosely	  connecting	  arms,	  which	  would	  
eventually	  allow	  the	  pin	  (the	  black	  rod	  in	  the	  centre,	  see	  figure	  102)	  to	  be	  pushed	  
through	  a	  wall	  of	  holes,	  and	  to	  be	  pulled	  backwards	  following	  the	  circular	  motion.	  
The	  mechanics	  had	  to	  be	  loose	  to	  allow	  the	  translation	  of	  movement,	  on	  the	  other	  
hand	  it	  became	  clear	  that	  this	  was	  too	  fragile	  to	  bear	  any	  load	  and	  the	  positioning	  
was	  really	  unreliable.	  
	  
Fig	  101	   The	  mechanism	  for	  the	  pin	  display,	  driven	  by	  the	  LEGO	  brick	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Fig	  102	   Pin	  display	  mechanism	  in	  motion	  –	  pushing	  and	  pulling	  the	  black	  pin	  through	  a	  hole	  	  
	  
5.3.4.2 Design	  Iterations	  Conclusion	  
In	  terms	  of	  the	  PinKom	  design,	  it	  was	  decided	  that	  the	  mechanical	  engineering	  
problem	  was	  distracting	  from	  the	  research	  aims.	  Therefore	  a	  basic	  prototype	  was	  
conceived	  using	  a	  Pinpression	  toy,	  which	  is	  more	  of	  a	  mock	  up	  than	  a	  functioning	  
device.	  The	  customized	  Pinpression	  toy	  would	  have	  to	  have	  some	  sort	  of	  resistance	  
built	  into	  the	  pins,	  while	  continuing	  with	  the	  idea	  of	  making	  up	  shapes	  and	  
impressions	  by	  particles.	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5.3.5 PinKom:	  Final	  Prototype	  Design	  for	  Research	  
The	  PinKom	  mock-­‐up	  is	  based	  on	  a	  commercial	  Pinpression	  toy	  -­‐	  a	  matrix	  of	  pins	  can	  
be	  deformed	  by	  pressing	  hand	  or	  face	  against	  it,	  and	  creates	  a	  3Dshape	  of	  the	  
impression.	  For	  this	  mock-­‐up,	  the	  toy	  was	  slightly	  altered	  to	  be	  used	  by	  two	  people	  
at	  once,	  and	  also	  to	  allow	  impressions	  to	  stay	  stable	  for	  longer.	  	  
	  
	   	  
	   	  
Fig	  103	   Production	  of	  the	  final	  PinKom	  prototype:	  added	  resistance	  	  





Fig	  104	   Production	  of	  the	  final	  PinKom	  prototype:	  adding	  rubber	  caps	  to	  the	  pins	  
One	  Plexiglas	  sheet	  was	  removed	  to	  allow	  access	  from	  both	  sides	  -­‐	  this	  meant	  that	  
the	  pins	  could	  fall	  out	  as	  they	  only	  have	  a	  head	  on	  one	  end.	  To	  counteract	  this,	  
minute	  rubber	  caps	  were	  pulled	  over	  each	  pin,	  giving	  a	  nice	  variation	  to	  the	  touch	  as	  
well	  -­‐	  the	  3D	  shapes	  are	  overall	  subtler,	  and	  so	  is	  the	  feel.	  I	  also	  experimented	  with	  
adding	  resistance	  to	  the	  pushing	  mechanism,	  so	  that	  the	  shapes	  would	  stay	  where	  
they	  are	  and	  the	  pins	  are	  prevented	  from	  sliding	  around.	  This	  proved	  fairly	  difficult	  
and	  the	  current	  solution	  is	  prone	  to	  wear	  and	  tear,	  but	  layers	  of	  foam,	  tapestry	  and	  
plastic	  were	  applied,	  which	  the	  pins	  were	  poked	  through.	  Spring	  based	  mechanisms	  
were	  tried	  but	  rejected	  for	  this	  instance.	  
5.4 PinKom:	  Study	  Design,	  Process	  and	  Outcome	  
As	  it	  is	  a	  visual	  and	  haptic	  shape	  display,	  the	  PinKom	  could	  be	  called	  an	  investigation	  
of	  kinaesthetic	  semiotics:	  looking	  at	  the	  subjects	  producing	  a	  system	  of	  signs,	  made	  
up	  of	  movement	  and	  touch.	  	  Once	  the	  tactile	  pin	  device	  had	  been	  created,	  the	  actual	  
study	  had	  to	  be	  designed.	  What	  was	  most	  important	  is	  to	  research	  how	  potential	  
users	  would	  actually	  use	  a	  haptic	  communication	  device.	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5.4.1 PinKom:	  Development	  of	  Methodology	  
	   	  
Fig	  105	   The	  planned	  wall	  panel	  (wood	  and	  metal	  posts)	  to	  restrict	  communication	  to	  touch	  
The	  PinKom	  prototype	  was	  to	  be	  mounted	  on	  a	  door,	  or	  a	  specifically	  modified	  panel	  
(see	  figure	  105)	  to	  be	  accessed	  by	  people	  from	  both	  sides.	  This	  initial	  idea	  was	  going	  
to	  give	  users/test	  subjects	  the	  feeling	  of	  communicating	  remotely,	  as	  they	  would	  not	  
be	  able	  to	  see	  each	  other.	  	  With	  the	  decision	  to	  provide	  participants	  with	  a	  'touch	  
device',	  the	  actual	  methodology	  of	  what	  they	  were	  required	  to	  do	  was	  considered.	  
As	  the	  project	  ComTouch	  (Chang	  et	  al,	  2002)	  was	  the	  inspiration	  for	  this	  study,	  at	  
first	  an	  adaptation	  of	  the	  methodology	  used	  in	  this	  project	  was	  developed.	  In	  the	  
Com	  Touch	  project,	  people	  were	  given	  tasks	  to	  negotiate	  via	  touch	  or	  via	  touch	  and	  
audio	  channel.	  For	  example,	  in	  the	  chatting	  task,	  they	  were	  asked	  to	  chat	  for	  5	  
minutes	  and	  use	  the	  tactile	  channel	  to	  supplement	  the	  audio.	  Of	  interest	  here	  was,	  
whether	  participants	  would	  use	  the	  tactile	  channel	  and	  how.	  The	  second	  task	  was	  
the	  Desert	  Survival	  Problem	  -­‐	  participants	  had	  to	  rely	  on	  the	  device	  to	  communicate	  
specific	  data	  to	  each	  other	  and	  negotiate	  items	  on	  a	  list.	  This	  scenario	  works	  with	  a	  
narrative:	  the	  use	  of	  audio	  is	  strongly	  discouraged	  on	  ground	  of	  danger	  approaching.	  
Therefore	  the	  use	  of	  the	  tactile	  channel	  is	  becoming	  the	  more	  attractive	  option	  and	  
its	  usage	  can	  be	  observed.	  	  After	  briefly	  considering	  adapting	  the	  negotiation	  task	  for	  
a	  negotiation	  between	  lovers,	  I	  developed	  generic	  affective	  messages,	  which	  were	  
given	  to	  the	  participants	  as	  ideas	  of	  what	  I	  wanted	  them	  to	  communicate.	  This	  was	  
inspired	  by	  the	  sheet	  of	  generic	  messages	  that	  was	  obtained	  from	  an	  Occupational	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Therapist,	  discussed	  earlier,	  designed	  to	  encourage	  communication	  of	  internal	  states	  
without	  having	  access	  to	  the	  verbal	  skills	  necessarily.	  
The	  above	  described	  solution	  of	  separating	  participants	  physically	  by	  a	  wall	  or	  a	  
barrier	  was	  however	  discarded	  as	  the	  benefits	  did	  not	  outweigh	  the	  construction	  
effort	  and	  it	  also	  seemed	  illogical	  to	  request	  people	  to	  perform	  intimate	  
communication	  signals	  in	  a	  research	  lab	  setting.	  It	  was	  therefore	  decided	  to	  simply	  
provide	  the	  prototype	  and	  ask	  subjects	  to	  ‘play’	  and	  imagine	  in	  their	  home	  
environment.	  
5.4.2 PinKom	  Study:	  Final	  Setup	  
Couples	  in	  a	  love	  relationship	  use	  PinKom	  for	  at	  least	  a	  week.	  Subjects	  are	  asked	  to	  
imagine	  that	  this	  would	  be	  a	  remote	  communication	  device,	  which	  they	  would	  use	  if	  
their	  partner	  was	  travelling	  on	  business,	  for	  example.	  They	  are	  asked	  to	  do	  two	  tasks	  
over	  one	  week:	  a)	  use	  the	  device	  in	  an	  asynchronous	  and	  gestural	  fashion,	  i.e.	  leave	  
messages	  for	  each	  other	  and	  record	  these	  with	  a	  digital	  camera;	  and	  b)	  to	  
communicate	  predetermined	  messages	  of	  an	  affective	  nature	  (“I	  love	  you”,	  “I	  am	  
angry”)	  in	  real	  time,	  both	  touching	  the	  device	  synchronously.	  They	  are	  also	  given	  a	  
notebook/diary	  in	  which	  to	  record	  their	  thoughts	  by	  written	  or	  visual	  means.	  Even	  
though	  this	  prototype	  presently	  does	  not	  involve	  digital	  technology,	  it	  does	  allow	  
some	  results	  and	  pointers	  for	  future	  designs	  by	  looking	  at	  how	  the	  lovers	  use	  the	  pin	  
display	  to	  communicate.	  	  
The	  couples	  had	  to	  have	  been	  together	  for	  at	  least	  a	  year,	  and	  one	  criterion	  for	  
selection	  was	  an	  ability	  to	  imagine	  or	  create.	  In	  fact	  in	  all	  selected	  couples,	  at	  least	  
one	  of	  the	  partners	  is	  a	  creative	  industries	  professional.	  And	  all	  partners	  in	  all	  
couples,	  even	  if	  this	  is	  not	  evident	  in	  the	  job	  choice,	  have	  some	  affinity	  for	  creative	  
skills	  and	  a	  certain	  curiosity.	  This	  was	  necessary	  not	  only	  to	  guarantee	  a	  willingness	  
to	  engage	  with	  unknown	  concepts,	  but	  also	  to	  successfully	  imagine	  the	  given	  
scenario	  of	  a	  remote	  communication	  device,	  as	  well	  as	  an	  ability	  to	  create	  
expressions.	  They	  also	  had	  to	  be	  willing	  to	  engage	  fully	  with	  the	  task	  ahead,	  and	  
have	  some	  motivation	  in	  interacting	  with	  the	  device.	  	  Even	  though	  they	  knew	  this	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was	  part	  of	  the	  research	  for	  this	  PhD	  thesis,	  none	  of	  them	  was	  an	  'expert'	  in	  the	  field	  
of	  Haptic	  Communication,	  or	  had	  any	  other	  previous	  relevant	  experience,	  like	  
interacting	  with	  visually	  impaired	  people	  for	  example.	  
The	  study	  allows	  ‘users’	  to	  express	  themselves	  while	  in	  familiar	  surroundings	  and	  to	  
correspond	  with	  an	  intimate	  partner.	  It	  was	  hoped	  this	  would	  give	  rich	  qualitative	  
data.	  The	  output	  is	  completely	  generated	  from	  the	  subjects	  in	  the	  study.	  We	  can	  test	  
the	  acceptance	  of	  such	  a	  new	  form	  of	  communication	  as	  well	  as	  the	  preparedness	  
for	  expression	  via	  the	  tactile	  channel	  –	  albeit	  guided	  or	  restricted	  by	  the	  PinKom	  
device	  and	  the	  study	  guidelines.	  Subjects	  were	  selected	  to	  be	  partly	  from	  creative	  
professions	  as	  it	  was	  hoped	  they	  might	  find	  it	  easier	  to	  adapt	  and	  respond	  to	  this	  
relatively	  unrestricted	  access.	  They	  hereby	  become	  part	  of	  the	  research	  process	  in	  
creating	  their	  own	  responses	  
As	  I	  could	  not	  be	  there	  to	  observe	  or	  record	  anything,	  the	  couples	  would	  therefore	  
be	  provided	  with	  means	  to	  document	  their	  process	  themselves,	  in	  form	  of	  a	  digital	  
camera	  and	  a	  notebook.	  This	  idea	  was	  inspired	  by	  the	  Account	  Gathering	  Method	  
developed	  in	  Psychology:	  "Fundamental	  to	  the	  philosophy	  of	  an	  account	  
methodology	  is	  the	  recognition	  that	  people	  can	  and	  do	  comment	  on	  their	  
experiences,	  and	  that	  these	  commentaries	  are	  acceptable	  as	  scientific	  data"	  (Brown	  
&	  Sime,	  1981).	  In	  the	  description	  of	  this	  methodology,	  3	  components	  are	  stated	  in	  
selecting	  informants	  who	  would	  represent	  the	  interest	  group:	  the	  motivation	  to	  
participate	  needs	  to	  be	  established,	  the	  participants	  should	  be	  competent	  (have	  
knowledge	  of	  event	  being	  investigated),	  and	  they	  should	  have	  vocabulary	  and	  
intelligence	  to	  express	  themselves.	  This	  has	  been	  adhered	  to	  for	  the	  PinKom	  study	  -­‐	  
the	  motivation	  to	  participate	  was	  an	  important	  factor	  in	  getting	  any	  data	  at	  all,	  and	  
at	  this	  stage	  of	  the	  research	  could	  probably	  not	  be	  repeated	  with	  people	  who	  are	  
less	  clearly	  selected,	  although	  this	  cannot	  be	  excluded.	  In	  fact,	  the	  ability	  to	  create	  
and	  to	  play	  should	  be	  inherent	  in	  anyone,	  although	  this	  skill	  may	  be	  dormant	  and	  
other	  participants	  than	  the	  ones	  chosen	  may	  be	  more	  reluctant.	  
In	  the	  PinKom	  study,	  there	  is	  an	  opportunity	  both	  for	  documentation	  of	  subjective	  
reality,	  through	  self-­‐disclosure	  within	  the	  notebook,	  but	  also	  to	  a	  degree	  of	  objective	  
reality,	  by	  providing	  photographs	  of	  the	  event.	  More	  generally	  within	  the	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justification	  for	  qualitative	  approaches	  to	  research,	  it	  has	  been	  argued	  that	  "people	  
are	  intrinsically	  different	  from	  objects	  of	  study",	  because	  "they	  think	  and	  feel,	  and	  
more	  importantly	  give	  meaning	  to	  their	  existence	  and	  experiences"	  (Playle,	  2000).	  
Also,	  more	  recently,	  within	  computer	  systems	  design,	  user	  involvement	  has	  become	  
an	  essential	  part	  of	  research	  and	  development.	  In	  participatory	  design,	  designers	  and	  
users	  work	  actively	  together,	  based	  on	  the	  Scandinavian	  approach	  to	  system	  design	  
in	  the	  1970s.	  In	  Situated	  Design,	  user	  participation	  is	  an	  active	  involvement	  in	  the	  
creative	  process.	  There	  is	  the	  recognition,	  that	  users	  are	  not	  a	  homogenous	  group,	  
"but	  a	  diverse	  group	  of	  people	  who	  have	  competence	  in	  their	  work	  practices"	  
(Greenbaum	  &	  Kyng,	  1991,	  p.3).	  The	  work	  is	  here	  seen	  to	  be	  situated,	  in	  context	  and	  
social,	  i.e.	  involves	  cooperation	  and	  communication.	  	  
5.4.2.1 	  Guidelines	  to	  Users	  
	  
Fig	  106	   Notebook	  given	  to	  Couple	  A	  as	  part	  of	  the	  PinKom	  study	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Each	  couple	  was	  provided	  with	  the	  PinKom	  prototype	  for	  a	  week,	  and	  given	  a	  
notebook	  in	  which	  to	  record	  comments	  and	  images,	  as	  well	  as	  a	  digital	  camera	  to	  
record	  their	  haptic	  expressions.	  These	  were	  the	  instructions	  written	  in	  the	  notebook	  
provided	  to	  the	  couples:	  
Fig	  107	   	  Instructions	  given	  to	  the	  participating	  couples	  within	  the	  supplied	  notebook	  
This is your touch diary. Welcome. Over the next few days I would like you to 
use the provided touch toy in any way you see fit and record the process. I 
am looking for spontaneous forming of communicative expressions. In the 
future, this toy might be a remote communication tool. So you might imagine 
one of you far away on business travel and the other longing for their 
presence – and yearning to feel their touch. There are two ways you can 
imagine to use this – and document accordingly:  
1) make shapes, visual expressions, dents, valleys, patterns – for the 
other to explore visually or with their touch. It’s more in form of a 
“message left”. This can be exchanged instantly or left for a long 
time. 
Please record these with the digital camera and any 
notes/sketches/explanations in this book! 
2) find a way to both hold the toy and feel the other person’s pressure 
in real time. In the future, this might happen remotely. Experiment 
with pressure, position, body parts and please jot down what you 
are feeling/thinking. 
To start off, try communicating these messages: 
I love you 
I miss you 
I am happy 
I am angry 
I am sorry 
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5.4.3 PinKom	  Study:	  Outcome	  
In	  this	  section,	  the	  results	  of	  the	  user	  research	  with	  the	  PinKom	  device	  will	  be	  
described,	  with	  a	  selection	  of	  the	  user-­‐generated	  images	  collected.	  For	  a	  complete	  
summary	  of	  the	  outcomes,	  with	  all	  the	  images,	  see	  Appendix	  F.	  
5.4.3.1 Couple	  A:	  	  Asynchronous	  Messages	  
Couple	  A	  is	  a	  male	  and	  a	  female.	  At	  the	  time	  of	  the	  experiment,	  they	  were	  in	  their	  
late	  30s,	  had	  been	  together	  for	  about	  2	  years,	  and	  had	  been	  married	  almost	  a	  year.	  	  
The	  male	  partner	  is	  a	  web	  designer	  and	  the	  female	  partner	  is	  a	  jewellery	  designer.	  
She	  has	  not	  shown	  any	  interest	  in	  digital	  technology	  so	  far,	  but	  is	  obviously	  
professionally	  comfortable	  with	  more	  mechanical	  tools	  and	  devices.	  Also,	  she	  has	  
just	  embarked	  on	  a	  BSc	  in	  Biomedical	  Sciences.	  Pictures	  taken	  by	  the	  couple	  and	  
notes	  left	  in	  the	  book,	  explaining	  the	  haptic	  messages/pictures	  of	  those	  messages:	  
Fig	  108	   	  
Couple	  A,	  Picture	  1:	  "Tits,	  she	  just	  felt	  like	  it	  +	  I	  understood!	  
Conveyance	  of	  emotion	  
Fig	  109	   	  
Couple	  A,	  Picture	  3:	  "Finger	  pointing	  to:"	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Fig	  110	   	  
Couple	  A,	  Picture	  5:	  "Sad	  nose.	  I	  had	  a	  cold	  and	  suspected	  I	  
could	  get	  lots	  of	  sympathy	  and	  attention	  if	  I	  did	  picture."	  
Fig	  111	   	  
Couple	  A,	  Picture	  9:	  "Heart.	  He	  loves	  me”	  
5.4.3.2 Couple	  A:	  Real	  Time	  Experimenting	  	  
Notes	  left	  in	  the	  book,	  describing	  the	  experience	  of	  both	  people	  simultaneously	  
using	  the	  PinKom	  to	  communicate:	  
	   	   	  
Fig	  112	   Glimpses	  from	  the	  notebook:	  Couple	  A	  
Did	  various	  conveyances	  of	  emotion	  
Anger	  was	  quite	  easy	  to	  do,	  because	  of	  the	  jabbing	  action.	  
As	  was	  soothing	  caring	  movement,	  which	  eventually	  took	  the	  form	  of	  slow	  massage..	  
Also	  stroking	  as	  demonstration	  of	  caring.	  
Happy	  wasn't	  easy,	  possibly	  because	  human	  touching	  often	  only	  seems	  to	  take	  the	  form	  of	  
kindness	  or	  aggression.	  
Unsuccessful	  with	  using	  faces	  as	  tongues	  and	  noses	  were	  the	  only	  real	  tools.	  	  My	  nose	  was	  best	  
because	  of	  its	  size. 
Fig	  113	   Transcript	  of	  Couple	  A's	  notes	  
	   	   	  
Fig	  114	   Glimpses	  from	  the	  notebook:	  Couple	  A	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5.4.3.3 Couple	  B:	  Asynchronous	  Messages	  
Couple	  B	  is	  a	  couple	  in	  their	  early	  30s,	  and	  at	  the	  time	  of	  the	  experiment	  had	  been	  
together	  for	  almost	  ten	  years.	  The	  female	  partner	  is	  a	  web	  designer,	  and	  the	  male	  
partner	  is	  an	  educational	  technologist,	  presently	  pursuing	  an	  MSc	  in	  Entertainment	  
Technology.	  Throughout	  their	  path	  together,	  they	  have	  always	  worked	  together	  on	  
projects	  for	  academic	  or	  freelance	  purposes	  and	  enjoy	  debating	  new	  ideas.	  Pictures	  
taken	  by	  the	  couple	  and	  notes	  left	  in	  the	  book,	  explaining	  the	  haptic	  
messages/pictures	  of	  those	  messages:	  
	  
	  
Fig	  115	   Couple	  B,	  Male:	  	  
"I	  LOVE	  YOU	  –	  represents	  two	  people"	  
Fig	  116	   Couple	  B,	  Female:	  "I	  LOVE	  YOU–	  represents	  
heart,	  area	  where	  emotion	  is	  felt”	  
	  
	  





Fig	  119	   Couple	  B,	  Female:	  "I	  am	  angry”	   Fig	  120	   Couple	  B,	  Female:	  "Community”	  
 
5.4.3.4 Couple	  B:	  Real	  Time	  Experimenting	  	  
Notes	  left	  in	  the	  book,	  describing	  the	  experience	  of	  both	  people	  simultaneously	  
using	  the	  PinKom	  to	  communicate:	  
	   	   	  	  
Fig	  121	   Glimpses	  from	  the	  notebook:	  Couple	  B	  
Using	  the	  device	  to	  synchronize	  touch:	  
One	  person	  held	  their	  hand	  against	  the	  flat	  /	  head	  side,	  the	  other	  was	  poking	  -­‐>	  felt	  unpleasant	  
for	  both,	  like	  being	  poked	  and	  prodded	  
"Poking"	  to	  create	  a	  pattern	  such	  as	  a	  circle	  seems	  more	  playful,	  predictable	  -­‐	  maybe	  you	  felt	  
more	  of	  a	  connection	  to	  the	  other	  person	  because	  you	  could	  predict	  the	  next	  move.	  Random	  
poking	  seemed	  more	  aggressive	  
No	  really	  subtle	  touching	  is	  possible	  on	  this	  device,	  that	  might	  be	  a	  limitation?	  Tender	  touch	  is	  
not	  as	  obvious	  
We	  tried	  to	  guess	  objects,	  e.g.	  corkscrew	  by	  pushing	  it	  against	  the	  device.	  The	  other	  person	  had	  
to	  try	  and	  guess	  with	  their	  eyes	  closed.	  This	  proved	  to	  be	  difficult	  &	  impractical.	  One	  example	  
was	  a	  bottle:	  sideways	  it	  was	  difficult	  to	  guess,	  however	  when	  the	  mouth	  of	  the	  bottle	  was	  
pushed	  against	  one	  side,	  I	  had	  the	  sensation	  of	  actually	  putting	  my	  finger	  into	  the	  bottle	  
	  
Fig	  122	   Transcript	  and	  picture	  of	  some	  notes	  in	  Couple	  C's	  book	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Fig	  123	   Glimpses	  from	  the	  notebook:	  Couple	  B	  
5.4.3.5 Couple	  C:	  Asynchronous	  Messages	  
Couple	  C	  is	  a	  male	  and	  a	  female,	  her	  in	  her	  early	  30s	  and	  he	  is	  in	  his	  late	  30s.	  They	  
have	  been	  together	  for	  about	  two	  years.	  He	  is	  a	  graphic	  designer	  and	  she	  is	  an	  
accountant.	  She	  is	  very	  adept	  at	  craft	  skills	  and	  is	  privately	  always	  working	  on	  
creative	  projects,	  such	  as	  making	  costumes	  or	  birthday	  presents.	  He	  also	  enjoys	  
putting	  his	  creative	  skills	  to	  use	  outside	  of	  work,	  by	  producing	  posters	  for	  local	  
events	  and	  designing	  cards	  for	  any	  occasion.	  They	  are	  probably	  the	  least	  'digital	  
media	  literate'	  of	  all	  the	  couples,	  but	  no	  less	  creative.	  They	  are	  the	  only	  couple	  in	  
this	  study	  who	  are	  not	  co-­‐habiting.	  Pictures	  taken	  by	  the	  couple	  and	  notes	  left	  in	  the	  
book,	  explaining	  the	  haptic	  messages/pictures	  of	  those	  messages:	  




You	  could	  have	  various	  stamps	  to	  leave	  messages.	  I've	  used	  a	  candle	  and	  2	  wine	  foil	  cutters	  (in	  photos	  didn't	  
show	  up	  that	  well,	  but	  looked	  effective	  on	  the	  toy)	  but	  could	  have	  things	  like	  
'Smiley	  face'	  =	  Happy,	  
'Unsmiley	  face'	  =	  unhappy,	  
'Heart-­‐shape'	  =	  I	  love	  you.	  
	  
Fig	  124	   Transcript	  and	  picture	  of	  some	  notes	  in	  Couple	  C's	  book	  
	   	  
Fig	  125	   Couple	  C:	  Using	  a	  decorative	  wine	  foil	  cutter	  as	  a	  'stamp'	  to	  create	  a	  shape	  of	  a	  fish	  on	  the	  PinKom	  
	   	  





Fig	  127	   Couple	  C:	  Creating	  a	  heart	  shape	  on	  the	  PinKom	  
5.4.3.6 Couple	  C:	  Real	  Time	  Experimenting	  
Pictures	  taken	  and	  notes	  left	  in	  the	  book,	  describing	  the	  experience	  of	  both	  people	  
simultaneously	  using	  the	  PinKom	  to	  communicate:	  
	   	  
Fig	  128	   Couple	  C:	  Experimenting	  with	  the	  PinKom	  and	  the	  face	  (male)	  
	   	  




Fig	  130	   C:	  A	  side	  view	  of	  some	  of	  the	  patterns	  emerging	  on	  the	  PinKom	  
Also	  took	  photos	  of:	  	  
	  
Me	  putting	  hand	  in	  toy	  and	  he	  is	  putting	  his	  hand	  on	  the	  other	  side.	  
Me	  putting	  my	  face	  in	  toy	  so	  nose	  and	  mouth	  are	  prominent.	  
I	  spent	  AGES	  making	  patterns	  on	  the	  toy	  was	  very	  therapeutic	  	  
but	  could	  do	  with	  a	  small	  tool	  attached	  to	  flatten	  the	  pegs	  down.	  
	  
Would	  possibly	  be	  more	  interesting	  to	  look	  at	  if	  toy	  was	  illuminated	  in	  some	  way.	  Fibreoptic??	  
Fig	  131	   Transcript	  of	  Couple	  C's	  notes	  from	  the	  book	  
5.4.4 Analysis	  of	  Results	  
In	  this	  section,	  the	  expressions	  the	  couples	  have	  come	  up	  with	  will	  be	  explored	  and,	  
to	  a	  degree,	  analysed.	  To	  embrace	  this	  'device'	  and	  imagine	  using	  it	  in	  various	  
situations	  required	  the	  participants	  to	  perform	  a	  mental	  leap,	  which	  involved	  a	  lot	  of	  
creative	  energy	  on	  their	  part.	  The	  prototype	  was	  only	  a	  mock-­‐up,	  not	  even	  a	  
simulation,	  so	  it	  required	  a	  lot	  of	  imagination.	  Also,	  the	  idea	  of	  using	  just	  the	  sense	  
of	  touch	  as	  a	  means	  of	  communication	  is	  fairly	  unusual.	  I	  am	  therefore	  first	  and	  
foremost	  very	  pleased	  that	  I	  have	  been	  able	  to	  persuade	  people	  to	  participate	  in	  this	  
relatively	  time-­‐consuming	  experiment,	  and	  that	  they	  have	  quite	  obviously	  invested	  
so	  much	  energy	  in	  immersing	  themselves	  in	  the	  project.	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5.4.4.1 Visual	  Dominance	  
It	  is	  pretty	  obvious	  that	  the	  visual	  still	  played	  a	  large	  role	  in	  this	  experiment.	  This	  
corresponds	  with	  the	  earlier	  discussion	  of	  the	  dominance	  of	  the	  visual	  sense,	  but	  
may	  also	  have	  more	  practical	  reasons.	  Comparing	  the	  pilot	  project	  –	  children	  
manipulating	  play-­‐do	  –in	  combination	  with	  the	  outcome	  of	  the	  adults	  using	  PinKom,	  
is	  interesting	  as	  the	  outcome	  in	  that	  sense	  is	  similar.	  It	  demonstrates	  how	  dominant	  
the	  visual	  sense	  is,	  at	  least	  in	  terms	  of	  metaphors	  and	  conventional	  associations,	  and	  
how	  accustomed	  we	  are	  to	  expressing	  ourselves	  this	  way.	  However,	  even	  though	  the	  
children	  in	  the	  pilot	  project	  were	  young,	  they	  were	  of	  school	  age,	  so	  it	  is	  not	  clear	  to	  
what	  degree	  this	  reliance	  on	  the	  visual	  is	  a	  cultural	  factor.	  	  
Another	  influencing	  factor	  to	  emphasise	  the	  visual	  could	  have	  been	  the	  shapes	  of	  
the	  frame:	  the	  PinKom	  device	  is	  rectangular	  and	  flat	  and	  the	  children	  also	  worked	  on	  
a	  flat	  rectangular	  piece	  of	  paper.	  This	  context	  marker	  could	  influence	  the	  subjects	  to	  
fall	  into	  their	  learned	  pattern	  of	  behaviour:	  it	  looks	  like	  a	  picture	  frame,	  so	  it	  will	  be	  
used	  it	  as	  one.	  The	  outcome	  may	  be	  different	  if	  the	  play-­‐do	  had	  been	  positioned	  on	  
a	  pedestal	  in	  the	  middle	  of	  the	  room,	  like	  a	  sculpture.	  Also,	  in	  case	  of	  the	  PinKom,	  
the	  task	  was	  to	  take	  digital	  pictures	  of	  the	  creations	  -­‐	  this	  implies	  a	  leaning	  towards	  
the	  visual,	  and	  towards	  the	  'framed'.	  It	  may	  be	  different	  to	  ask	  participants	  to	  tell	  
stories,	  either	  live	  in	  audio,	  or	  written	  -­‐	  or	  indeed	  create	  mood	  boards.	  
Obviously	  there	  is	  a	  limitation	  within	  this	  research,	  as	  the	  messages	  had	  to	  be	  
reproduced	  visually,	  which	  invites	  some	  sort	  of	  visually	  recognisable	  shape.	  As	  
Couple	  C	  reports,	  they	  made	  a	  lot	  of	  patterns	  which	  'felt	  good',	  but	  which	  were	  not	  
reproduced	  for	  the	  camera.	  This	  is	  why	  providing	  the	  notebook	  was	  essential,	  as	  this	  
kind	  of	  use	  would	  otherwise	  have	  been	  missed.	  
However,	  although	  the	  dominance	  of	  the	  visual	  is	  apparent,	  there	  are	  some	  
interesting	  experimentations	  with	  the	  haptic	  sense	  and	  also	  explorations	  of	  
metaphors,	  both	  in	  the	  messages	  communicated	  and	  the	  types	  of	  use	  the	  device	  
could	  represent	  for	  two	  individuals.	  Especially	  interesting	  are	  the	  personal	  codings	  
between	  the	  individual	  partners	  in	  each	  couple,	  where	  their	  personal	  relationship	  
and	  way	  of	  communication	  comes	  through.	  In	  Couple	  A,	  there	  is	  a	  great	  deal	  of	  
humour	  and	  playful	  sexual	  tones,	  but	  also	  a	  tender	  search	  for	  affection	  for	  example	  
	  
	  224	  
by	  displaying	  a	  sore	  nose.	  The	  device	  here	  displays	  visual	  metaphors,	  but	  also	  
becomes	  a	  metaphor	  for	  emotional	  or	  physical	  states	  that	  need	  to	  be	  communicated	  
in	  a	  relationship.	  We	  also	  see	  this	  playful	  communication	  in	  Couple	  B,	  where	  the	  
male	  partner	  expressed	  frustration	  at	  not	  being	  able	  to	  watch	  the	  football.	  Couple	  B	  
went	  quite	  far	  towards	  a	  haptic	  language,	  not	  so	  much	  reliant	  on	  visual	  symbols,	  but	  
still	  influenced	  by	  visual	  constraints,	  such	  as	  spatial	  distinction	  -­‐	  as	  in	  the	  creation	  for	  
'Distance'	  (figure	  117).	  This	  would	  probably	  work	  through	  feeling	  as	  well,	  as	  the	  
Haptic	  Sense	  is	  very	  adept	  at	  perceiving	  spatial	  information.	  	  	  
5.4.4.2 Couple	  B	  –	  Body	  Schemata	  and	  Metaphorical	  Associations	  
For	  the	  purpose	  of	  this	  analysis,	  the	  field	  of	  possible	  expression	  on	  the	  PinKom	  
device	  needs	  to	  be	  defined	  –	  as	  it	  is	  visual-­‐haptic,	  it	  is	  neither	  a	  visual	  field	  nor	  a	  
haptic	  field,	  it	  is	  both	  simultaneously.	  I	  would	  therefore	  refer	  to	  the	  boundaries	  of	  
possible	  expression	  (where	  the	  pins	  end)	  as	  the	  ‘PinKom	  field’.	  It	  is	  in	  the	  shape	  of	  a	  
polygon,	  a	  bit	  wider	  than	  it	  is	  high	  –	  when	  looking	  at	  the	  whole	  of	  the	  PinKom	  
device,	  which	  is	  rectangular,	  with	  the	  longest	  side	  being	  the	  upper	  and	  lower	  border.	  	  
There	  are	  some	  excellent	  examples	  here	  of	  body	  schemata	  –	  where	  the	  bodily	  
experience	  is	  linked	  to	  a	  metaphorical	  concept.	  For	  example,	  the	  two	  single	  pins	  
representing	  ‘love’	  between	  two	  people:	  each	  pin	  represents	  one	  person,	  the	  self	  
and	  the	  other.	  They	  are	  in	  close	  proximity,	  and	  in	  western	  culture,	  according	  to	  
Lakoff	  &	  Johnson,	  we	  associate	  love	  with	  being	  in	  close	  proximity	  (PSYCHOLOGICAL	  
INTIMACY	  IS	  PHYSICAL	  CLOSENESS,	  quoting	  Joseph	  Grady’s	  (1998)	  work	  on	  primary	  
metaphors),	  with	  being	  able	  to	  touch.	  The	  other	  interpretation	  of	  ‘love’	  is	  quite	  
literally	  a	  depiction	  of	  the	  heart,	  the	  area	  ‘where	  emotions	  are	  felt’.	  This	  is	  a	  cultural	  
association,	  but	  it	  is	  founded	  in	  the	  bodily	  experience	  of	  feeling	  a	  rush	  of	  emotions,	  
located	  in	  the	  chest	  area.	  Correspondingly,	  the	  male	  participant	  later	  expresses	  'I	  
miss	  you'	  through	  the	  concept	  of	  distance	  –	  by	  molding	  two	  single	  pins	  representing	  
two	  people,	  a	  lot	  farther	  apart	  than	  in	  the	  first	  instance.	  This	  is	  linked	  to	  the	  same	  
'Love	  is	  being	  close'	  metaphor,	  this	  time	  in	  the	  reverse.	  The	  positioning	  of	  the	  pins	  is	  
worth	  taking	  a	  look	  at	  -­‐	  it	  is	  interesting	  he	  chose	  not	  to	  put	  them	  at	  complete	  ends	  of	  
the	  visual/haptic	  field/	  field	  of	  expression	  on	  the	  PinKom.	  They	  are	  not	  as	  far	  away	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from	  each	  other	  as	  would	  be	  physically	  possible,	  which	  could	  communicate	  that	  he	  
know	  they	  are	  likely	  to	  come	  together	  again,	  there	  is	  still	  a	  bond	  by	  proximity.	  They	  
are	  also	  not	  opposed	  in	  a	  straight	  line,	  but	  slightly	  offset.	  The	  furthest	  apart	  the	  pins	  
could	  be	  is	  on	  each	  corner	  of	  the	  polygon,	  which	  would	  then	  start	  to	  communicate	  
something	  different	  -­‐	  more	  related	  to	  being	  opposed	  to	  each	  other.	  
The	  female	  participant	  expresses	  the	  situation	  of	  a	  separation	  through	  walls	  acting	  
as	  a	  barrier.	  This	  bodily	  experience	  of	  not	  being	  able	  to	  get	  somewhere	  because	  of	  
an	  obstacle	  is	  in	  the	  way	  is	  providing	  the	  schema	  for	  us	  to	  understand	  not	  being	  able	  
to	  get	  'in	  touch'	  with	  the	  person	  we	  are	  trying	  to	  communicate	  with.	  	  
Interesting	  is	  the	  expression	  of	  'I	  am	  happy'	  by	  the	  male,	  where	  we	  are	  beginning	  to	  
see	  what	  Daniel	  Stern	  (1985)	  calls	  	  ‘vitality	  affect	  contour’,	  as	  quoted	  by	  Johnson	  
(2007),	  who	  describes	  this	  as	  human	  experience	  having	  a	  feeling	  of	  flow,	  with	  
perceivable	  differences	  in	  the	  pattern	  of	  this	  flow,	  which	  is	  the	  basis	  for	  the	  ‘felt	  
qualities	  of	  situations’.	  This	  can	  be	  likened	  to	  a	  rush	  of	  emotions,	  the	  quality	  of	  
feeling,	  for	  example	  a	  build	  up	  and	  release	  of	  tension.	  It	  is	  very	  well	  presented	  here	  
as	  a	  kind	  of	  wave,	  which	  is	  pointed	  in	  one	  direction,	  implying	  motion.	  It	  looks	  as	  
though	  the	  wave	  is	  moving	  in	  one	  direction,	  also	  implied	  by	  a	  few	  single	  pins	  being	  
left	  in	  its	  trail,	  where	  the	  movement	  is	  petering	  out.	  Similarly,	  the	  female	  participant	  
represents	  the	  rush	  by	  an	  almost	  bursting	  outwards	  shape,	  it	  grows	  steadily	  bigger	  
from	  the	  outward	  edges,	  also	  with	  an	  irregular	  force	  behind	  each	  pin,	  which	  makes	  it	  
more	  organic	  and	  implies	  motion.	  
The	  expression	  'I	  am	  angry'	  by	  the	  male	  participant	  is	  interesting	  and	  may	  be	  very	  
personal	  to	  his	  beliefs	  and	  perception	  of	  his	  own	  anger.	  Further	  documentation	  of	  
probing	  in	  an	  interview	  would	  probably	  help	  to	  explain	  what	  associations	  and	  
feelings	  he	  had	  there.	  There	  are	  two	  shapes	  in	  the	  middle	  of	  the	  field,	  slight	  
elongated	  and	  rounded.	  They	  are	  quite	  solid,	  maybe	  representing	  the	  force	  of	  this	  
emotion.	  Again,	  there	  are	  two	  of	  them,	  either	  representing	  him	  and	  the	  person	  he	  is	  
angry	  with,	  but	  more	  likely	  the	  force	  is	  so	  strong	  it	  needed	  two	  shapes	  to	  break	  it	  up	  
and	  make	  it	  bearable.	  Although	  it	  is	  not	  too	  easy	  to	  interpret,	  I	  think	  it	  still	  works	  to	  
get	  an	  impression	  of	  what	  he	  is	  feeling	  when	  one	  knows	  the	  concept	  he	  is	  trying	  to	  
express.	  Maybe	  it	  is	  not	  so	  much	  about	  trying	  to	  communicate	  via	  touch	  alone,	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because	  this	  is	  not	  a	  natural,	  phenomenological	  situation	  anyway.	  Maybe	  here	  we	  
can	  see	  how	  touch	  can	  add	  a	  different	  dimension,	  and	  we	  can	  learn	  about	  the	  
metaphorical	  associations	  this	  person	  has	  and	  therefore	  widen	  the	  range	  of	  
communication	  and	  understanding.	  
The	  female	  participants	  expression	  is	  more	  obvious	  to	  relate	  to	  in	  this	  example,	  as	  
she	  chooses	  a	  fist	  to	  communicate	  'anger'.	  Again,	  this	  allows	  us	  to	  see	  body	  
schemata	  we	  have	  developed	  and	  which	  we	  have	  in	  common,	  as	  anger	  causes	  us	  to	  
physically	  tense	  up	  and	  clench	  a	  fist,	  or	  perhaps	  even	  use	  the	  fist	  in	  nonverbal	  
communication	  to	  threaten	  or	  harm.	  Similarly,	  the	  male	  chooses	  a	  fist	  in	  one	  
example,	  however	  this	  is	  to	  represent	  'force'.	  And	  the	  fist	  does	  indeed	  differ	  from	  
the	  one	  described	  above	  -­‐	  it	  is	  quite	  obviously	  directed	  towards	  us,	  it	  is	  occupying	  as	  
much	  space	  as	  possible,	  while	  emerging	  out	  of	  the	  background,	  indicating	  the	  
motion	  of	  the	  force.	  The	  knuckles	  are	  pointing	  downward	  and	  are	  clearly	  
perceivable,	  giving	  us	  a	  clue	  to	  which	  way	  this	  fist	  is	  going.	  More	  of	  the	  hand	  is	  
included	  then	  in	  the	  female's	  "I	  am	  angry"	  example,	  which	  viscerally	  communicates	  
the	  clenching	  of	  the	  fist.	  
This	  directly	  relates	  then	  to	  the	  next	  example,	  where	  the	  male	  participant	  chooses	  to	  
represent	  a	  hand	  to	  say	  'sorry',	  which	  continues	  the	  theme	  of	  body	  language.	  The	  
palm	  is	  flat	  with	  the	  fingers	  loosely	  stretched	  out,	  and	  directed	  towards	  us,	  offering	  
the	  most	  sensitive	  part	  of	  the	  hand	  up	  for	  the	  other	  person	  to	  touch.	  The	  female	  
participant	  here	  forms	  two	  shapes	  -­‐	  at	  opposite	  ends	  of	  the	  PinKom	  field,	  the	  
furthest	  they	  can	  be	  away	  from	  each	  other,	  with	  a	  thin	  line	  going	  between	  them.	  
This	  can	  be	  interpreted	  as	  two	  people,	  who	  have	  ended	  up	  far	  away	  from	  each	  other	  
metaphorically,	  due	  to	  something	  happening	  that	  created	  the	  need	  to	  say	  'I	  am	  
sorry'.	  The	  line	  then	  can	  represent	  the	  connection	  they	  still	  have	  or	  are	  trying	  to	  re-­‐
build.	  Note	  how	  here	  the	  two	  shapes,	  representing	  two	  people,	  are	  as	  far	  away	  from	  
each	  other	  as	  possible,	  different	  from	  the	  example	  where	  the	  male	  representing	  the	  
as	  missing	  each	  other,	  by	  placing	  them	  far	  apart,	  but	  not	  opposite	  each	  other.	  
This	  theme	  of	  using	  the	  opposing	  ends	  of	  the	  PinKom	  field	  is	  also	  visible	  in	  the	  
females’	  expression	  of	  'Distance',	  where	  the	  shapes	  of	  two	  hands	  reach	  towards	  
each	  other	  from	  both	  ends.	  In	  the	  opposing	  example,	  where	  she	  represents	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'Closeness',	  the	  fingers	  are	  closer	  to	  each	  other	  and	  intertwined.	  The	  fingers	  
‘touching’	  here	  again	  are	  related	  to	  the	  feeling	  of	  closeness	  in	  a	  relationship.	  Some	  
observation	  can	  be	  made,	  then,	  that	  the	  outer	  edges	  are	  being	  utilised	  to	  represent	  
otherness	  and	  distance.	  The	  way	  the	  PinKom	  field	  is	  shaped	  invited	  the	  participants	  
to	  choose	  the	  two	  points	  that	  are	  further	  away	  from	  each	  other	  than	  any	  other	  
points,	  as	  measures	  on	  a	  scale	  of	  distance.	  
The	  fact	  that	  'self'	  and	  'other'	  are	  often	  being	  represented	  by	  two	  distinct	  shapes	  can	  
also	  be	  seen	  in	  contrast	  with	  the	  example	  of	  'community'	  by	  the	  female	  participant,	  
where	  she	  creates	  a	  number	  of	  protrusions	  of	  roughly	  the	  same	  size	  and	  distance	  to	  
each	  other,	  utilizing	  the	  whole	  of	  the	  PinKom	  field.	  In	  an	  ideal	  community,	  this	  
communicates,	  everybody	  is	  equal	  and	  close	  enough	  to	  each	  to	  relate	  to	  each	  other,	  
but	  still	  commanding	  their	  own	  space,	  distributed	  in	  equal	  measures.	  This	  relates	  
very	  well	  to	  the	  male	  participants	  expression	  of	  'Reaching	  out',	  where	  several	  
entities	  are	  depicted,	  probably	  representing	  different	  individuals.	  Four	  of	  the	  
individuals	  are	  grouped	  together,	  with	  one	  being	  spaced	  further	  apart	  and	  almost	  
surrounded	  by	  the	  others	  in	  a	  half	  circle.	  This	  may	  represent	  the	  feeling	  of	  almost	  
being	  part	  of	  a	  group,	  but	  not	  quite	  -­‐	  however	  the	  possibility	  of	  joining	  them	  is	  clear,	  
as	  the	  direction	  the	  group	  entities	  are	  positioned	  indicates	  the	  mutual	  relationship	  
and	  interaction,	  which	  may	  result	  in	  the	  singled	  out	  entity	  being	  integrated.	  
 
Both	  couple	  A	  and	  couple	  B	  report	  that	  they	  felt	  the	  activity	  of	  poking	  and	  prodding	  
in	  the	  real-­‐time	  experience	  to	  be	  aggressive.	  Again,	  this	  relates	  to	  the	  body	  schema	  
we	  have	  of	  force	  direction	  and	  motion,	  and	  a	  metaphorical	  association	  with	  the	  
emotion	  of	  aggression.	  It	  is	  a	  directly	  felt	  experience,	  part	  of	  the	  nonconscious,	  pre-­‐
reflective	  element	  of	  metaphor	  and	  meaning.	  It	  also	  correlates	  with	  work	  done	  in	  
visual	  communication	  on	  the	  expressiveness	  on	  lines	  being	  mapped	  to	  internal	  
states,	  as	  Johnson	  describes	  based	  on	  Aiken’s	  work	  (1998):	  “small	  and	  medium	  
angles	  are	  typically	  experienced	  as	  agitating	  and/or	  furious.	  Jagged	  forms	  and	  
zigzagging	  lines	  created	  tension,	  heightened	  arousal,	  and	  even	  anxiety”(Johnson,	  
2007,	  p.	  226).	  However,	  couple	  A	  also	  reports	  that	  some	  of	  their	  efforts	  eventually	  
took	  the	  form	  of	  a	  slow	  massage.	  This	  is	  something	  very	  useful,	  which	  a	  haptic	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communication	  device	  for	  couples	  such	  as	  this	  may	  achieve:	  to	  encourage	  and	  entice	  
touch	  between	  people.	  This	  could	  be	  part	  of	  an	  everyday	  situation,	  but	  could	  also	  be	  
useful	  for	  people	  who	  are	  not	  able	  to	  touch	  each	  other	  due	  to	  physical	  distance,	  or	  in	  
fact	  where	  the	  emotional	  closeness	  has	  been	  lost.	  Within	  couple	  therapy,	  a	  device	  
such	  as	  this	  may	  be	  the	  sort	  of	  playful	  tool,	  which	  is	  needed	  to	  initiate	  and	  establish	  
intimate	  communication	  and	  connection.	  	  
Couple	  C	  was	  similar	  to	  Couple	  A	  in	  that	  there	  was	  a	  desire	  to	  use	  visual	  symbols.	  
Their	  approach	  was	  completely	  different	  though	  in	  their	  efforts	  to	  produce	  add-­‐ons	  
for	  the	  device,	  which	  could	  be	  used	  to	  ensure	  a	  standardised	  and	  smooth	  
communication	  process	  -­‐	  they	  suggest	  for	  example	  developing	  tools	  like	  stamps	  to	  
impress	  shapes	  onto	  the	  pin	  device,	  but	  also	  a	  tool	  to	  flatten	  the	  pins	  in	  between.	  
The	  desire	  for	  visual	  communication,	  rather	  than	  a	  pure	  touch	  device,	  is	  emphasised	  
by	  the	  suggestion	  to	  make	  the	  pins	  more	  visually	  appealing	  by	  using	  fibre	  optics.	  It	  is	  
uncertain	  whether	  there	  was	  an	  unwillingness	  to	  engage	  any	  more	  with	  the	  haptic	  
sense,	  or	  whether	  this	  was	  not	  obvious	  enough	  as	  a	  choice.	  	  
5.5 Chapter	  5	  (PinKom	  Study):	  Conclusion	  
The	  PinKom	  is	  an	  idea	  for	  a	  tactile	  communication	  device,	  with	  shapes	  being	  
produced	  via	  pins.	  It	  was	  envisaged	  that	  this	  device	  would	  be	  used	  as	  a	  remote	  
communication	  device	  for	  personal	  interaction.	  The	  problem	  was	  posed	  whether	  it	  
would	  be	  possible	  for	  a	  new	  tactile	  communication	  device	  to	  allow	  for	  new	  
expression	  and	  especially	  the	  communication	  of	  affect.	  	  
The	  design	  and	  development	  of	  a	  prototype	  for	  research	  has	  been	  outlined	  here.	  
After	  reviewing	  digital	  and	  mechanical	  prototypes,	  practical	  experimentation	  has	  
been	  described	  and	  justification	  given	  for	  the	  decision	  to	  use	  a	  mock	  up.	  The	  
reasoning	  behind	  and	  development	  of	  the	  actual	  PinKom	  study	  was	  explained,	  and	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the	  results	  have	  been	  documented	  and	  analysed.	  The	  three	  couples	  that	  participated	  
in	  the	  study	  have	  become	  co-­‐designers	  of	  this	  communication	  device,	  in	  fact	  they	  
take	  full	  ownership	  and	  credit	  for	  their	  creations	  (haptic	  expressions)	  as	  partners	  in	  a	  
user-­‐centred	  participative	  design	  approach.	  
The	  initial	  research	  question	  in	  the	  PinKom	  study	  was,	  whether	  people	  in	  a	  
relationship	  could	  develop	  their	  own	  codes	  of	  communication.	  It	  was	  found	  that	  all	  
the	  couples	  engaged	  with	  the	  device	  and	  clearly	  developed	  their	  own	  strategies	  of	  
usage.	  Each	  couple	  had	  their	  own	  way	  of	  interacting	  with	  each	  other	  and	  the	  device,	  
which	  was	  represented	  in	  the	  photographs	  and	  descriptions	  in	  the	  notebook.	  There	  
was	  no	  complete	  failure	  or	  resistance	  at	  all.	  Even	  though	  the	  task	  was	  deliberately	  
vague,	  all	  participants	  felt	  comfortable	  enough	  to	  experiment	  and	  involve	  the	  device	  
in	  their	  relationship.	  Arguably,	  with	  a	  more	  technologically	  enhanced	  prototype	  and	  
longer	  period	  of	  interaction	  with	  the	  device,	  the	  idiosyncratic	  ways	  of	  expression,	  
which	  are	  emerging	  within	  this	  study,	  may	  develop	  into	  a	  forming	  of	  personal	  codes.	  
On	  reflection,	  some	  changes	  may	  be	  made	  to	  the	  design	  of	  the	  study.	  The	  couples	  
were	  provided	  with	  verbal	  messages	  -­‐	  it	  could	  be	  interesting	  in	  another	  phase	  to	  
provide	  visual	  cues	  or	  indeed	  suggestion	  for	  types	  of	  touch	  to	  start	  off	  with.	  This	  
would	  relieve	  the	  added	  difficulty	  of	  translating	  words	  into	  touch.	  However,	  the	  
concepts	  behind	  the	  touch	  were	  of	  an	  affective	  nature	  and	  should	  therefore	  have	  an	  
embodied	  expression	  -­‐	  to	  communicate	  love	  via	  touch	  is	  more	  expressing	  a	  concept,	  
rather	  than	  a	  'translation'	  of	  the	  word.	  
The	  PinKom	  study	  has	  been	  described,	  which	  sought	  to	  investigate	  affordances	  of	  
personal	  touch	  by	  supplying	  couples	  in	  an	  intimate	  relationship	  with	  a	  mock-­‐up	  of	  a	  
haptic	  communication	  device.	  Some	  conclusions	  about	  emerging	  embodied	  
metaphors	  and	  the	  general	  acceptance	  for	  such	  a	  device	  have	  been	  drawn.	  To	  
summarise,	  in	  this	  chapter,	  the	  PinKom	  study	  was	  outlined	  and	  its	  outcomes	  
described	  and	  evaluated.	  Its	  aim	  was	  to	  research	  users’	  ability	  to	  communicate	  with	  
each	  other	  through	  a	  touch-­‐enabled	  device.	  Participants	  were	  allowed	  to	  explore	  the	  
device	  in	  their	  own	  context,	  in	  order	  to	  research	  emergent	  behaviour	  rather	  applying	  
task-­‐related	  measures.	  A	  review	  of	  pin-­‐driven	  tactile	  interfaces	  highlighted	  several	  
relevant	  design	  issues	  and	  parameters	  (e.g.	  size,	  resolution,	  engineering	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mechanism).	  During	  the	  study,	  participants	  felt	  comfortable	  expressing	  themselves	  
through	  a	  malleable	  surface;	  this	  was	  shown	  in	  the	  pilot	  study	  of	  children	  interacting	  
with	  play-­‐do	  as	  well	  as	  the	  main	  PinKom	  study.	  There	  is	  a	  notable	  dominance	  of	  the	  
visual	  sense	  in	  the	  use	  of	  symbols	  and	  gestures.	  This	  might	  be	  due	  to	  the	  particular	  
study	  setup,	  device	  design	  and	  methodology	  (i.e.	  using	  a	  camera	  to	  record	  
experiences	  necessarily	  invites	  the	  production	  of	  ‘images’).	  Another	  limitation	  might	  
also	  be	  that	  the	  device	  was	  a	  mock-­‐up	  rather	  than	  a	  functioning	  prototype,	  which	  
did	  not	  allow	  for	  a	  full	  exploration	  of	  telepresence.	  The	  decision	  to	  use	  a	  mock-­‐up	  
device	  was	  to	  allow	  for	  more	  extensive	  research	  focussed	  on	  user	  behaviour.	  
The	  couples	  involved	  developed	  idiosyncratic	  ways	  of	  interacting,	  and	  they	  used	  
metaphors,	  which	  were	  accessible	  to	  each	  other	  as	  well	  as	  to	  the	  observer.	  This	  
points	  to	  a	  shared	  system	  of	  symbolic	  significance,	  based	  on	  physical	  experience	  –	  
particularly	  spatial	  experience	  (the	  ‘PinKom	  field’,	  distance,	  vitality	  affect	  contour	  –	  
wave,	  self/other/community).	  In	  terms	  of	  designing	  for	  haptic	  interaction,	  this	  points	  
further	  to	  the	  usefulness	  of	  the	  idea	  of	  affordances	  and	  embodied	  metaphors	  as	  
outlined	  earlier	  in	  the	  thesis.	  Haptic	  expressions	  were	  emerging	  from	  the	  
participants	  in	  their	  context,	  and	  some	  of	  the	  idiosyncratic	  ways	  of	  using	  the	  device	  
can	  be	  shared.	  The	  embodied	  metaphors	  explored	  here	  were	  relevant	  in	  terms	  of	  
attitude	  towards	  the	  device,	  personal	  relationship	  and	  individual	  expression.	  
The	  PinKom	  study	  is	  not	  to	  be	  taken	  as	  situated	  within	  the	  physical-­‐sensory	  model.	  
Indeed	  the	  design	  of	  the	  device	  seems	  to	  indicate	  an	  assumption	  that	  a	  machine	  
could	  replace	  the	  human	  touch.	  However,	  this	  communication	  device	  only	  produces	  
meaning	  if	  the	  user	  is	  aware	  of	  the	  intent	  and	  the	  context	  of	  the	  message	  
communicated	  and	  the	  person	  sending	  it.	  Therefore,	  as	  the	  intent	  and	  well	  meaning	  
of	  a	  personal	  contact	  is	  creating	  a	  feeling	  of	  being	  ‘touched’,	  the	  PinKom	  is	  much	  
better	  situated	  in	  the	  field	  model.	  Kunz	  &	  Peper	  (1985)	  talk	  about	  the	  idea	  that	  every	  
organism	  is	  as	  well	  a	  physical	  entity	  as	  a	  system	  of	  energy	  fields,	  which	  permanently	  
interact	  with	  all	  other	  organisms’	  energy	  fields	  -­‐	  so	  in	  a	  way,	  we	  are	  constantly	  'in	  
touch'	  with	  and	  influence	  each	  other.	  Not	  just	  physical	  actions,	  but	  thoughts	  and	  
emotion	  can	  be	  seen	  as	  energy	  fields	  with	  a	  definite,	  noticeable	  effect	  on	  others.	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Regarding	  haptic	  design,	  intent	  and	  context	  are	  the	  most	  characteristic	  design	  
parameters	  in	  the	  field	  model.	  	  
In	  the	  next	  chapter,	  the	  trajectory	  of	  this	  thesis	  will	  be	  concluded	  by	  revisiting	  the	  
aims	  and	  research	  questions	  laid	  out	  in	  the	  introduction	  and	  summarising	  the	  main	  
contributions	  made	  through	  the	  research	  presented	  here.	  Some	  recommendations	  





To	  conclude	  the	  trajectory	  of	  this	  thesis,	  the	  research	  aims	  laid	  out	  in	  the	  
introduction	  will	  be	  revisited	  in	  context	  of	  the	  contributions	  described	  above.	  The	  
first	  research	  aim	  was	  to	  describe	  a	  useful	  theoretical	  framework	  in	  the	  design	  of	  
multisensory	  interactive	  experiences,	  which	  allows	  a	  focus	  on	  and	  understanding	  of	  
the	  user	  in	  their	  environment.	  The	  question	  here	  was	  whether	  a	  theoretically	  
informed	  framework	  of	  embodied	  perception,	  affordances	  and	  multimodal	  
metaphors	  could	  be	  useful	  in	  the	  design	  of	  multisensory,	  and	  particularly	  haptic,	  
interactive	  experiences.	  Also	  if	  interest	  was	  whether	  a	  contemplation	  of	  
synaesthesia	  and	  metaphor	  could	  be	  useful	  in	  the	  design	  of	  multisensory	  mappings.	  
The	  second	  research	  aim	  was	  to	  develop	  a	  theoretical	  and	  philosophical	  framework	  
to	  critique	  the	  field	  of	  haptic	  design.	  By	  reviewing	  how	  the	  sense	  of	  touch	  has	  been	  
historically	  and	  culturally	  constructed,	  the	  intention	  was	  to	  form	  an	  awareness	  of	  the	  
assumptions,	  values	  and	  limitations	  of	  current	  Haptic	  Interface	  research.	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In	  the	  third	  research	  aim,	  some	  of	  the	  questions	  dealt	  with	  more	  broadly	  in	  the	  
theoretical	  sections	  were	  to	  be	  applied	  to	  more	  practical	  concerns.	  Generally,	  the	  
main	  question	  was	  what	  touch	  could	  add	  to	  multisensory	  interaction	  and	  specifically,	  
how	  particular	  parameters	  can	  be	  mapped	  and	  combined	  into	  a	  meaningful	  
experience	  in	  interactive	  scenarios.	  Also,	  in	  terms	  of	  the	  haptic	  interfaces	  designed	  
for	  MEDIATE,	  the	  question	  was	  how	  these	  can	  be	  integrated	  into	  an	  interactive	  
environment	  and	  support	  interaction	  which	  facilitates	  expression,	  novel	  behaviour	  
and	  a	  sense	  of	  agency.	  
In	  the	  fourth	  research	  aim,	  the	  potential	  of	  the	  sense	  of	  touch	  for	  communication	  
was	  to	  be	  explored	  in	  more	  depth;	  specifically	  investigating	  shared	  meaning	  and	  
associations	  with	  tactile	  experiences.	  Questions	  of	  interest	  here	  were	  whether	  there	  
is	  a	  semiotic	  link	  between	  mental	  concepts	  (metaphors)	  and	  tactile	  experiences,	  
specifically	  textures	  and	  whether	  there	  are	  metaphoric	  concepts	  detectable	  in	  haptic	  
expressions,	  which	  might	  be	  useful	  in	  nonverbal	  communication.	  It	  was	  also	  of	  
interest	  to	  establish	  whether	  a	  personal	  haptic	  communication	  device	  could	  support	  
the	  development	  and	  evolution	  of	  idiosyncratic	  haptic	  expressions	  between	  people	  
in	  an	  intimate	  relationship.	  
After	  reiterating	  the	  research	  aims	  and	  questions	  laid	  out	  in	  the	  introduction,	  in	  the	  
following	  the	  ways	  they	  have	  been	  approached	  in	  this	  thesis	  will	  be	  outlined	  and	  the	  
main	  contributions	  summarised,	  as	  well	  as	  some	  reflections	  on	  what	  this	  may	  mean	  
for	  the	  field	  and	  future	  research	  endeavours.	  	  
The	  research	  on	  affordances	  of	  the	  sense	  of	  touch	  in	  Interface	  Design	  has	  been	  
situated	  in	  an	  embodied	  view	  of	  the	  world.	  The	  thesis	  draws	  on	  philosophical	  theory,	  
social	  science	  research	  methods	  and	  also	  practical	  experimentation.	  It	  was	  conceived	  
with	  the	  purpose	  in	  mind	  to	  investigate	  the	  potential	  of	  touch	  for	  Interface	  Design,	  
more	  specifically	  the	  relevance	  to	  Human-­‐Computer	  Interaction	  and	  computer	  
mediated	  communication.	  The	  theory	  of	  embodied	  interaction	  was	  introduced,	  
making	  a	  commitment	  to	  the	  view	  of	  perception	  as	  an	  active	  process,	  and	  to	  the	  
user	  as	  an	  essential	  component	  of	  this	  interaction.	  Related	  to	  this,	  the	  concept	  of	  
affordances	  was	  described,	  which	  was	  first	  introduced	  by	  James	  Jerome	  Gibson	  and	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is	  a	  way	  of	  looking	  at	  the	  complex	  interactions	  and	  relations	  of	  the	  actor	  (user)	  in	  his	  
environment.	  The	  dualistic	  view	  of	  a	  mind-­‐body	  separation	  has	  been	  challenged,	  
supported	  by	  a	  range	  of	  sources	  that	  place	  the	  body	  and	  enactive	  perception	  as	  
central	  in	  processes	  of	  the	  mind,	  cognition,	  consciousness,	  thought	  and	  language.	  
The	  concept	  of	  metaphors	  and	  image	  schemata	  provided	  a	  ground	  from	  which	  to	  
understand	  the	  haptic	  sense	  as	  more	  than	  a	  translation	  of	  the	  visual.	  Metaphors	  in	  
this	  thesis	  are	  understood	  as	  more	  than	  just	  literary	  devices,	  but	  as	  fundamental	  to	  
understanding	  and	  meaning	  making.	  As	  such,	  metaphors	  can	  serve	  as	  a	  useful	  design	  
inspiration	  /	  informer	  when	  designing	  for	  embodied	  interaction.	  Metaphors	  in	  their	  
inherent	  multimodal	  nature	  and	  with	  a	  foundation	  in	  bodily	  processes	  of	  perception	  
can	  provide	  the	  key	  in	  designing	  content	  that	  is	  salient	  in	  each	  sensory	  ‘channel’.	  	  
This	  has	  been	  shown	  to	  be	  particularly	  useful	  in	  projects	  like	  MEDIATE,	  where	  the	  
integration	  of	  different	  sensory	  channels	  into	  a	  wholesome	  gestalt	  of	  experience	  
demands	  design	  informants	  that	  can	  unite	  and	  ‘make	  sense’	  across	  sensory	  
modalities.	  The	  schema	  of	  ‘verticality’	  was	  shown	  to	  be	  a	  particularly	  illustrative	  
example	  of	  this:	  mapping	  the	  gesture	  of	  raising	  one’s	  arm	  to	  the	  aural	  modality	  by	  
creating	  a	  response	  of	  raising	  a	  pitch	  or	  volume.	  In	  the	  Haptic	  Box	  study,	  metaphors	  
are	  starting	  to	  emerge	  from	  the	  research	  around	  tactile	  experiences	  and	  semiotic	  
associations.	  For	  example,	  the	  words	  most	  associated	  with	  silk	  were	  ‘fragrant’,	  ‘hot’	  
and	  ‘light’,	  whereas	  words	  most	  associated	  with	  the	  bark	  texture	  were	  ‘old’,	  ‘rugged’	  
and	  ‘worthless’.	  This	  points	  to	  the	  kind	  of	  image	  schemata,	  multimodal	  mappings	  
and	  metaphoric	  associations	  that	  seem	  to	  be	  part	  of	  the	  human	  experience.	  
Embodied	  metaphors	  and	  image	  schemata	  again	  were	  found	  to	  be	  relevant	  concepts	  
in	  the	  interpretation	  of	  the	  results	  of	  the	  PinKom	  study.	  Participants	  were	  clearly	  
using	  spatial	  concepts	  such	  as	  proximity	  and	  distance	  to	  communicate	  affective	  
messages	  via	  the	  haptic	  sense,	  for	  example	  to	  communicate	  closeness	  or	  separation.	  	  
Also,	  the	  pins	  were	  used	  to	  represent	  ‘self’,	  ‘other’	  and	  ‘community’.	  
	  A	  brief	  overview	  of	  the	  cultural	  history	  of	  the	  senses	  provided	  a	  way	  of	  re-­‐thinking	  
the	  way	  the	  senses	  are	  given	  value,	  and	  in	  particular	  challenging	  the	  dominant	  visual	  
culture	  in	  the	  western	  world.	  Some	  literature	  has	  been	  drawn	  from,	  that	  provides	  
more	  evidence	  to	  the	  fundamental	  importance	  of	  touch	  in	  terms	  of	  infant	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development,	  emotions	  and	  communication.	  Situating	  the	  work	  in	  a	  general	  move	  
towards	  a	  revival	  of	  the	  senses,	  this	  was	  then	  applied	  to	  the	  development	  of	  
interfaces	  and	  input	  devices.	  This	  was	  done	  by	  providing	  a	  brief	  overview	  of	  
innovations,	  and	  charting	  the	  relevance	  to	  interface	  design	  by	  summarising	  some	  of	  
the	  most	  tangible	  advantages	  that	  the	  consideration	  of	  the	  sense	  of	  touch	  can	  bring	  
to	  Human-­‐computer	  Interaction.	  The	  research	  project	  and	  studies	  carried	  out	  for	  this	  
thesis	  have	  been	  informed	  by	  this	  background	  research	  and	  set	  out	  to	  tackle	  the	  
consideration	  of	  the	  user	  in	  interactive	  experience	  design	  in	  a	  more	  holistic	  manner,	  
as	  can	  be	  seen	  from	  the	  theoretical	  approach	  of	  embodied	  interaction	  laid	  out	  at	  the	  
start	  of	  the	  thesis.	  In	  situating	  Haptic	  Device	  design	  and	  research	  within	  certain	  
philosophical	  domains	  (section	  2.23),	  one	  can	  start	  to	  get	  an	  overview	  of	  the	  
different	  aims	  driving	  Haptics	  research,	  and	  strive	  to	  position	  one’s	  self	  in	  this	  
increasingly	  interdisciplinary	  field.	  For	  example,	  if	  touch	  is	  understood	  as	  a	  pure	  
delivery	  mechanism	  for	  sense	  impressions,	  simulatory	  projects	  aiming	  to	  imitate	  
reality	  are	  the	  obvious	  design	  choice.	  If	  one	  is	  more	  interested	  in	  touch	  as	  a	  device	  
for	  communication	  involving	  the	  human	  psyche,	  designs	  need	  to	  be	  more	  evocative	  
and	  poetic,	  and	  allow	  for	  more	  of	  the	  negotiated	  connotative	  and	  affective	  meanings	  
demonstrated	  in	  some	  of	  the	  interactions	  here.	  Approaching	  embodied	  interaction	  
design,	  and	  specifically	  the	  design	  for	  the	  haptic	  sense	  from	  a	  broad	  philosophical	  
framework	  has	  enabled	  a	  critique	  and	  overview	  of	  the	  state-­‐of-­‐the-­‐art,	  and	  allowed	  
a	  firm	  positioning	  of	  the	  design	  approach	  for	  this	  thesis.	  
The	  multisensory	  environment	  MEDIATE	  has	  been	  described	  as	  a	  case	  study	  for	  
embodied	  interface	  design	  practice,	  specifically	  focusing	  on	  the	  overall	  interaction	  
design	  and	  the	  tactile	  interfaces	  designed	  for	  this	  project.	  MEDIATE	  was	  a	  responsive	  
environment	  design	  for	  children	  with	  autism,	  and	  several	  relevant	  interface	  design	  
projects	  and	  concepts	  related	  to	  multi-­‐sensory	  environments	  in	  care	  settings	  have	  
been	  discussed.	  The	  research,	  design	  and	  development	  of	  several	  tactile	  interfaces	  
(TuneFork,	  Impression	  Wall)	  as	  well	  as	  the	  interaction	  design	  have	  been	  described	  
and	  evaluated.	  The	  MEDIATE	  prototype	  does	  not	  exist	  anymore,	  although	  some	  
further	  development	  work	  has	  been	  described.	  The	  environment	  provided	  an	  
engaging	  embodied	  interaction	  scenario,	  and	  the	  idea	  of	  providing	  children	  with	  
	  
	  236	  
autism	  with	  a	  non-­‐social	  space	  and	  a	  system	  of	  dialogic	  computer	  responses	  seemed	  
to	  show	  promise	  in	  allowing	  new,	  unique,	  more	  independent,	  and	  different	  kinds	  of	  
interaction	  to	  begin	  for	  these	  children.	  The	  tactile	  interfaces	  were	  successful	  in	  
inviting	  exploration,	  and	  produced	  a	  variety	  of	  ways	  of	  engaging	  and	  increasing	  the	  
repertoire	  of	  behaviour,	  which	  led	  to	  creative	  expression	  in	  some	  cases.	  A	  MEDIATE	  
type	  environment	  could	  serve	  as	  a	  platform	  for	  further	  research	  not	  just	  for	  
innovative	  interface	  design,	  but	  also	  for	  sensory	  processing	  and	  therapeutic	  
research.	  Importantly,	  the	  first	  stage	  of	  complexity	  in	  MEDIATE’s	  interaction	  design	  
allowed	  for	  the	  most	  tightly	  mapping	  of	  sensory	  input	  and	  output	  –	  at	  this	  stage,	  
MEDIATE	  worked	  as	  a	  kind	  of	  amplification	  mechanism,	  delivering	  back	  mostly	  
analogue	  responses	  of	  the	  users’	  actions.	  The	  body	  would	  produce	  a	  crude	  
silhouette	  on	  the	  screens,	  the	  feet	  dynamically	  set	  off	  the	  sound	  of	  scourers	  on	  
audio	  sensors	  (according	  to	  weight	  and	  individual	  gait)	  and	  the	  TuneFork	  produced	  
the	  actual	  sound	  the	  activity	  of	  a	  hand	  rubbing,	  tapping	  or	  scratching	  on	  the	  various	  
textures	  was	  making.	  So	  the	  bodily	  interaction	  and	  environment’s	  responses	  were	  
already	  fairly	  tightly	  coupled.	  In	  later	  stages,	  in	  order	  to	  allow	  the	  interaction	  to	  
become	  more	  complex	  and	  abstract,	  the	  sensory	  responses	  had	  to	  be	  designed.	  It	  
has	  been	  suggested	  here,	  that	  a	  contemplation	  of	  metaphor	  and	  synaesthetic	  
processes	  would	  serve	  as	  useful	  design	  informers	  in	  this	  context	  (i.e.	  using	  the	  image	  
schema	  ‘	  verticality’,	  this	  could	  be	  mapped	  to	  vision,	  sound	  and	  touch	  and	  maintain	  a	  
salient	  experience).	  	  
As	  MEDIATE	  as	  a	  prototype	  environment	  is	  no	  longer	  existent,	  consideration	  of	  
future	  development	  could	  happen	  as	  part	  of	  a	  series	  of	  art	  labs	  such	  as	  DataGolem,	  
which	  took	  place	  at	  the	  University	  of	  Portsmouth	  (SurgeryDar,	  2009),	  which	  brought	  
together	  a	  group	  of	  programmers,	  designers	  and	  artists	  to	  move	  towards	  the	  
development	  of	  a	  new	  interface	  platform	  for	  creative	  and	  expressive	  use.	  This	  sort	  of	  
platform	  would	  be	  the	  ideal	  interface	  to	  take	  forward	  some	  of	  the	  ideas	  that	  were	  
devised	  for	  MEDIATE,	  and	  explore	  embodied	  interaction	  design.	  Developing	  a	  similar	  
system	  of	  a	  kind	  of	  ‘black	  box’	  that	  can	  map	  sensory	  input	  to	  sensory	  output,	  with	  
the	  special	  user	  group	  of	  dancers	  and	  performers	  bringing	  an	  extended	  repertoire	  of	  
movement	  to	  the	  test	  phase	  seems	  like	  the	  perfect	  tested	  to	  explore	  salient	  sensory	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mappings	  and	  embodied	  metaphors.	  With	  open	  source	  technology	  and	  newly	  
accessible	  and	  widely	  available	  gestural	  and	  haptic	  interface	  environments	  such	  as	  
Microsoft’s	  Kinect,	  the	  research	  could	  be	  taken	  further	  –	  Kinect	  is	  an	  accessible,	  
robust	  system	  being	  explored	  by	  Hackers	  worldwide	  for	  creative	  purposes	  and	  is	  
particularly	  suitable	  for	  gestural,	  multisensory	  and	  embodied	  interaction	  research.	  
The	  innovation	  in	  MEDIATE	  is	  to	  this	  date	  the	  emergent	  interaction	  happening	  in	  
dialogue	  with	  a	  complex	  system.	  The	  prototype	  was	  built	  for	  one	  user,	  but	  particular	  
interest	  could	  be	  around	  extending	  this	  system	  to	  allow	  interaction	  between	  two	  or	  
more	  users.	  Also,	  to	  think	  about	  multisensory	  embodied	  interfaces	  not	  just	  in	  terms	  
of	  immediate,	  pleasurable	  action,	  but	  to	  move	  the	  interaction	  on	  into	  more	  
meaningful	  and	  complex	  states,	  while	  still	  keeping	  salient,	  seems	  to	  be	  a	  crucial	  
research	  and	  design	  aspect	  to	  follow	  on.	  	  
The	  haptic	  interfaces	  in	  MEDIATE	  were	  well	  integrated	  into	  the	  whole	  environment	  
and	  were	  neither	  ignored,	  nor	  did	  they	  provide	  areas	  of	  fixation	  for	  the	  children	  with	  
autism	  that	  engaged	  with	  the	  space.	  The	  TuneFork	  was	  made	  up	  of	  a	  range	  of	  
textures	  and	  provided	  aural	  feedback,	  and	  was	  often	  engaged	  with	  on	  the	  first	  
session,	  prolonged	  and	  repeatedly.	  Users	  enjoyed	  the	  interaction	  with	  textures	  
without	  a	  predetermined	  sequence	  –	  and	  one	  result	  of	  this	  may	  have	  been,	  that	  the	  
TuneFork	  allowed	  novel	  behaviour	  to	  emerge,	  as	  described	  in	  the	  example	  of	  a	  
young	  boy	  who	  devised	  complex	  structures	  and	  surprising	  variations	  in	  interaction	  
and	  sound,	  without	  being	  musically	  trained	  (video	  in	  Appendix	  J).	  
The	  fact	  that	  the	  TuneFork	  was	  one	  of	  the	  elements	  in	  the	  environment	  that	  was	  
programmed	  to	  be	  ‘multimodal’	  from	  the	  beginning,	  i.e.	  delivered	  sound	  responses	  
on	  interacting	  with	  the	  textures,	  makes	  it	  difficult	  to	  ascertain	  the	  tactile	  interaction	  
on	  its	  own.	  As	  suggested	  earlier	  though,	  in	  later	  prototypes	  it	  could	  certainly	  serve	  as	  
a	  tool	  in	  more	  systematic	  research	  around	  tactile	  preferences	  and	  avoidances,	  for	  
example.	  The	  Impression	  Wall	  was	  designed	  to	  be	  a	  space	  of	  less	  activity	  and	  more	  a	  
soothing,	  calming	  restful	  element,	  where	  users	  might	  turn	  if	  the	  other	  elements	  
proved	  too	  engaging.	  To	  interact	  with	  it,	  one	  has	  to	  turn	  away	  from	  the	  screens	  and	  
stay	  in	  one	  place.	  It	  offers	  soft	  cushioned	  undulations	  to	  rest	  or	  press	  the	  body	  
against.	  However,	  it	  is	  still	  open	  enough	  to	  allow	  interaction	  with	  other	  parts	  of	  the	  
	  
	  238	  
environment,	  if	  this	  is	  desired,	  so	  at	  no	  point	  does	  the	  user	  become	  ‘cut	  off’	  from	  the	  
whole	  –	  one	  user	  for	  example	  leant	  their	  back	  against	  the	  wall,	  turned	  their	  head	  
and	  spread	  their	  arms,	  so	  they	  could	  gently	  play	  with	  responses	  on	  the	  screen.	  
When	  pressed	  firmly,	  the	  cushioned	  elements	  provided	  vibratory	  feedback	  –	  the	  
original	  idea	  was	  to	  map	  these	  vibrotactile	  responses	  to	  the	  user	  interaction	  in	  a	  way	  
that	  they	  would	  allow	  and	  expressive	  language	  to	  emerge.	  The	  complexity	  of	  doing	  
this	  included	  parameters	  of	  location	  (can	  the	  user	  find	  a	  ‘counterpoint’	  response,	  
which	  might	  not	  be	  happening	  under	  their	  hands?),	  vibrotactile	  pattern	  design	  (what	  
is	  a	  meaningful	  vibrotactile	  response?)	  and	  the	  mechanical	  engineering	  (where	  
should	  the	  sensors	  be	  placed,	  so	  they	  do	  not	  interfere	  with	  the	  vibrotactile	  
actuators).	  Although	  some	  work	  was	  done	  to	  advance	  the	  answers	  to	  these	  
questions,	  it	  turns	  out	  that	  this	  really	  needed	  to	  be	  a	  research	  project	  on	  its	  own,	  so	  
that	  more	  time	  and	  effort	  could	  be	  spent	  solving	  some	  of	  these	  problems.	  The	  
evolution	  of	  haptic	  expressions	  through	  vibrotactile	  means	  is	  a	  relatively	  innovative	  
idea,	  and	  although	  there	  is	  a	  research	  community	  around	  this,	  the	  field	  seemed	  to	  
young	  to	  be	  able	  to	  use	  ‘off-­‐the-­‐shelf’	  solutions,	  which	  is	  what	  was	  done	  for	  the	  
audio	  and	  visual	  interfaces.	  	  Some	  of	  these	  problems	  have	  been	  described	  in	  more	  
detail	  in	  the	  literature	  review	  around	  digitizing	  haptic	  communication,	  and	  indeed	  
the	  Haptic	  Box	  study	  goes	  some	  way	  towards	  trying	  to	  add	  to	  this	  research.	  
From	  various	  perspectives	  approaches	  to	  better	  gauge	  potential	  for	  haptic	  
communication	  were	  drawn,	  which	  evolved	  into	  two	  studies	  that	  both	  involved	  
some	  practical	  experimentation	  and	  some	  data	  gathering.	  	  A	  more	  in	  depth	  
treatment	  of	  the	  potential	  of	  the	  haptic	  sense	  in	  terms	  of	  multimodal	  
communication	  and	  semiotics	  was	  provided.	  The	  first	  study	  ‘Haptic	  Box’	  was	  
designed	  to	  investigate	  personal	  associations	  with	  tactile	  experiences.	  Participants	  
were	  presented	  with	  various	  textures.	  The	  purpose	  of	  this	  study	  was	  to	  investigate	  
whether	  there	  was	  a	  shared	  system	  of	  meaning	  attached	  to	  tactile	  experiences,	  
which	  could	  be	  used	  to	  design	  for	  Haptic	  interaction	  and	  communication.	  Seventy-­‐
two	  subjects	  felt	  the	  textures	  in	  the	  Haptic	  Box,	  which	  kept	  the	  materials	  from	  view.	  
A	  Semantic	  Differential	  was	  used	  to	  tease	  out	  tacit	  understandings	  and	  nuances	  
which	  may	  be	  difficult	  to	  describe	  verbally.	  Subjects	  also	  reported	  memories	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involving	  touch	  on	  a	  questionnaire.	  The	  results	  of	  the	  Haptic	  Box	  study’s	  statistical	  
analysis,	  as	  well	  as	  the	  semiotic	  readings	  of	  the	  materials,	  show	  there	  are	  
associations	  we	  have	  with	  certain	  textures,	  which	  could	  be	  related	  on	  an	  embodied	  
experience.	  Some	  materials,	  like	  organic	  ones	  for	  example,	  will	  probably	  draw	  forth	  
a	  more	  commonly	  shared	  response,	  whereas	  synthetic	  ones	  are	  more	  dependent	  on	  
personal	  history.	  The	  component	  analysis	  performed	  on	  the	  data	  from	  the	  Haptic	  
Box	  study	  proved	  fairly	  inconclusive	  in	  terms	  of	  providing	  clear	  underlying	  
dimensions	  and	  was	  therefore	  not	  directly	  referenced	  in	  this	  thesis.	  This	  may	  be	  a	  
fault	  in	  the	  methodology,	  but	  it	  may	  also	  point	  to	  some	  complexities	  within	  touch	  
research.	  Personal	  histories	  can	  be	  just	  as	  important	  for	  the	  perception	  of	  a	  material,	  
as	  genetics.	  There	  is	  a	  foundation	  of	  experience	  we	  share,	  but	  on	  top	  of	  that	  we	  
build	  up	  layers	  of	  personal	  context,	  involving	  life,	  cultural	  and	  social	  experience.	  	  	  	  
The	  principle	  design	  sensibility	  underlying	  the	  ideas	  (…)	  is	  one	  of	  designing	  to	  
exploit	  the	  existing	  skills	  of	  the	  user	  -­‐	  the	  skills	  acquired	  through	  a	  life-­‐time	  of	  
living	  in	  the	  everyday	  world.	  (Buxton,	  1992,	  para.	  20)	  	  
It	  could	  therefore	  be	  difficult	  to	  construct	  a	  haptic	  language	  as	  has	  been	  called	  for	  by	  
Haptic	  communication	  device	  designers	  -­‐	  there	  are	  indeed	  vague	  and	  fuzzy	  
elements:	  personal	  history	  is	  important	  to	  any	  interpretation	  here.	  One	  way	  of	  
incorporating	  this	  perspective	  would	  be	  to	  let	  new	  ways	  of	  communication	  evolve.	  In	  
the	  Haptic	  Box	  study,	  it	  has	  been	  shown	  that	  designers	  of	  haptic	  devices	  cannot	  
assume	  tactile	  experiences	  are	  going	  to	  be	  immediately	  meaningful.	  Associations	  
may	  be	  learned	  of	  course,	  as	  shown	  in	  the	  learnability	  of	  touch-­‐based	  languages,	  but	  
initially	  the	  question	  for	  the	  research	  described	  here	  was	  whether	  there	  is	  a	  system	  
of	  shared	  meaning	  already	  present.	  If	  one	  tries	  to	  introduce	  a	  more	  precise	  or	  
complex	  system,	  people	  with	  their	  own	  connection/agreement	  will	  have	  to	  be	  
considered.	  Karon	  MacLean	  (2008)	  in	  response	  to	  some	  of	  the	  work	  with	  the	  Haptic	  
Box	  referred	  to	  here,	  specifically	  addresses	  the	  problem	  of	  designing	  for	  Haptic	  
communication	  and	  the	  question	  whether	  chosen	  signs	  can	  be	  arbitrary	  or	  have	  to	  
have	  some	  semiotic	  link,	  concluding	  with	  the	  question	  that	  it	  might	  be	  possible	  to	  
assign	  a	  semiotic	  link	  to	  anything.	  A	  phenomenological	  approach	  and	  further	  
exploration	  of	  how	  we	  feel	  and	  make	  sense	  of	  the	  world,	  as	  well	  as	  a	  thorough	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investigation	  of	  embodied	  metaphors	  seems	  a	  more	  fruitful	  research	  method	  for	  
haptic	  interface	  design.	  The	  Haptic	  Box	  research	  has	  therefore	  been	  quoted	  in	  a	  
recent	  literature	  research	  by	  Haans	  et	  al	  (2006)	  on	  social	  mediated	  touch	  as	  a	  
commendable	  next	  step	  in	  Haptics	  research,	  where	  they	  argue	  that	  the	  aim	  to	  strive	  
for	  should	  be	  to	  ‘look	  for	  a	  system	  of	  shared	  significance	  as	  a	  prerequisite	  for	  
communication’.	  	  
The	  PinKom	  study	  takes	  this	  investigation	  into	  the	  potential	  of	  touch	  for	  
communication	  further	  by	  allowing	  couples	  to	  develop	  their	  own	  affective	  language.	  
A	  mock	  up	  of	  a	  haptic	  communication	  device	  was	  designed,	  made	  of	  a	  customized	  
Pinpression	  toy.	  Couples	  in	  an	  intimate	  relationship	  were	  asked	  to	  use	  this	  in	  their	  
home	  environment	  for	  a	  week,	  imagining	  scenarios	  where	  they	  may	  want	  to	  
communicate	  with	  each	  other	  remotely	  through	  touch.	  They	  were	  also	  given	  
affective	  messages	  to	  send	  to	  each	  other	  via	  tactile	  expression.	  In	  the	  PinKom	  study,	  
couples	  successfully	  embraced	  the	  concept	  of	  a	  new	  communication	  device	  involving	  
touch,	  and	  also	  had	  personal,	  idiosyncratic	  ways	  of	  developing	  strategies	  of	  usage.	  
Particularly	  one	  couple	  utilized	  embodied	  schemata	  for	  their	  expression,	  
demonstrably	  utilizing	  dimensions	  such	  as	  boundaries,	  proximity	  and	  flow	  of	  
experience.	  	  Successful	  communication	  devices	  should	  not	  only	  cater	  for	  the	  
imaginable	  creations,	  design	  should	  at	  some	  point	  also	  consider	  the	  possibility	  of	  an	  
evolution	  of	  language,	  and	  for	  the	  development	  of	  unique,	  personal	  expressions.	  In	  
future	  research	  endeavours,	  it	  would	  be	  interesting	  to	  investigate	  whether	  this	  
evolution	  of	  communication	  can	  be	  extendable	  to	  other	  couples	  with	  a	  range	  of	  
professions,	  ages	  and	  time	  spent	  together.	  The	  couples	  participating	  here	  all	  had	  
creative	  professions	  or	  interests	  –	  in	  a	  sense	  of	  course,	  everybody	  is	  creative	  
especially	  with	  regards	  to	  communication,	  people	  are	  able	  to	  evolve	  and	  adapt	  to	  
new	  situations	  to	  varying	  degrees.	  Reacting	  to	  the	  dominance,	  or	  at	  least	  the	  
influence	  of	  the	  visual	  sense	  on	  the	  results,	  it	  may	  be	  desirable	  to	  create	  a	  scenario	  
where	  only	  touch	  as	  a	  channel	  was	  possible,	  in	  order	  to	  force	  a	  focus	  of	  touch.	  This	  
was	  undesirable	  for	  this	  initial	  study,	  as	  there	  may	  have	  been	  a	  possible	  
unwillingness	  of	  subjects	  to	  engage	  -­‐	  this	  would	  require	  a	  very	  considered	  and	  
careful	  design	  of	  the	  context	  markers	  in	  the	  study.	  It	  would	  also	  potentially	  make	  it	  
more	  intrusive	  –	  for	  this	  study,	  the	  scenario	  was	  to	  be	  as	  near	  to	  an	  everyday	  usage	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as	  possible.	  	  And	  indeed	  it	  does	  allow	  some	  positive	  conclusions	  if	  the	  study	  is	  
viewed	  in	  the	  context	  of	  phenomenology/synaesthesia.	  If	  one	  was	  to	  consider	  the	  
haptic	  sense	  here	  not	  in	  a	  reductionist	  manner,	  but	  as	  more	  than	  just	  the	  
cutaneous/tactile	  sense,	  and	  to	  allow	  for	  the	  PinKom	  to	  be	  an	  experience	  gestalt,	  
which	  allows	  other	  modalities,	  but	  is	  fundamentally	  a	  device	  enabling	  metaphorical	  
communication.	  It	  is	  clear	  from	  this	  analysis	  that	  although	  decoding	  the	  messages	  
presented	  here	  by	  touch	  or	  vision	  alone	  may	  not	  be	  possible,	  it	  is	  however	  possible	  
to	  communicate	  on	  another,	  pre-­‐reflective	  level	  and	  learn	  about	  the	  metaphorical	  
association	  the	  other	  person	  has.	  How	  we	  choose	  to	  represent	  our	  emotions	  through	  
the	  metaphorical	  concepts	  shown	  can	  reveal	  something	  about	  our	  attitudes,	  values	  
and	  beliefs	  as	  well	  as	  our	  understanding	  and	  how	  we	  make	  sense	  of	  the	  world.	  	  
The	  way	  that	  the	  PinKom	  was	  integrated	  into	  the	  communication	  of	  the	  couples	  
could	  also	  be	  interesting	  –	  PinKom	  here	  could	  almost	  be	  seen	  as	  a	  metaphor	  for	  the	  
type	  and	  style	  of	  communication	  the	  couples	  were	  willing	  and	  able	  to	  enter	  into.	  
Humour	  and	  Honesty	  are	  two	  measures	  which	  feature	  and	  matter	  in	  the	  cases	  
described	  above.	  So,	  conclusively,	  PinKom	  does	  allow	  some	  investigation	  into	  
metaphorical	  concepts	  in	  use	  within	  communication	  between	  intimate	  couples.	  This	  
could	  potentially	  enhance	  communication.	  We	  are	  reminded	  of	  Mark	  Johnsons	  list	  of	  
implications	  for	  understanding	  body-­‐based	  meaning,	  in	  particular	  the	  one	  dealing	  
with	  imagination:	  
Imagination	  is	  tied	  to	  our	  bodily	  processes	  and	  can	  also	  be	  creative	  and	  
transformative	  of	  experience.	  Our	  ability	  to	  make	  new	  meaning,	  to	  enlarge	  our	  
concepts,	  and	  to	  arrive	  at	  new	  ways	  of	  making	  sense	  of	  things	  must	  be	  explained	  
without	  reference	  to	  miracles,	  irrational	  leaps	  of	  thought,	  or	  blind	  impulse.	  
(Johnson,	  2007,	  p.13)	  
This	  could	  be	  read	  not	  just	  as	  novelty	  of	  behaviour	  or	  expression,	  but	  also	  as	  the	  
ability	  of	  another	  to	  understand	  a	  partner’s	  concept,	  thereby	  providing	  a	  	  
‘transformative	  experience.	  I	  need	  imagination	  to	  understand	  what	  the	  partner	  is	  
trying	  to	  say,	  how	  he	  is	  depicting	  their	  inner,	  idiosyncratic	  world,	  and	  by	  looking	  at	  
the	  bodily	  processes	  and	  their	  associations	  it	  gives	  me	  ‘a	  way	  in’.	  Johnson	  in	  his	  
insistence	  on	  the	  body	  as	  the	  basis	  of	  experience,	  also	  concedes	  that	  we	  are	  social	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animals	  and	  that	  the	  sociocultural	  dimension	  is	  another	  experience	  important	  for	  
cognitive	  development.	  The	  fact	  that	  I	  was	  able	  to	  interpret	  the	  results	  even	  without	  
extensive	  documentation	  of	  the	  reasons	  behind	  the	  different	  expressions	  shows	  that	  
there	  is	  a	  shared	  system	  at	  work	  here,	  the	  image	  schemata	  connected	  with	  the	  
metaphorical	  concepts	  are	  based	  on	  bodily	  experience.	  This	  shared	  system	  of	  
metaphors	  means	  that	  not	  only	  did	  couple	  B	  evolve	  a	  communication	  system	  
between	  themselves,	  but	  also	  that	  it	  is	  potentially	  applicable	  to	  and	  interpretable	  by	  
a	  larger	  audience.	  Important	  to	  note	  is,	  however,	  that	  for	  the	  purpose	  of	  research	  
these	  metaphors	  have	  to	  be	  deconstructed,	  to	  show	  that	  they	  are	  not	  random	  –	  they	  
are	  based	  on	  ‘intuition’	  and	  ‘tacit	  knowledge’,	  but	  this	  can	  be	  accessed	  and	  meaning	  
can	  be	  shared.	  Applying	  the	  theory	  of	  metaphors	  contain	  an	  embedded	  bodily	  
foundation,	  enables	  us	  to	  further	  understand	  the	  processes	  at	  work	  here.	  	  
For	  both	  the	  Haptic	  Box	  and	  PinKom	  study,	  the	  concluding	  recommendation	  has	  to	  
be	  to	  explore	  more	  fully	  the	  personal	  rich	  relationships	  of	  touch	  experience	  and	  
metaphors.	  This	  should	  be	  done	  with	  methods	  that	  allow	  phenomenological	  
experience	  as	  a	  gestalt	  –	  storytelling	  as	  a	  way	  of	  describing	  actual	  experience	  could	  
be	  particularly	  useful.	  Generally	  of	  interest	  are	  methods	  that	  allow	  articulation	  of	  
tacit	  (perhaps	  multimodal)	  knowledge	  without	  directly	  asking	  participants	  about	  this	  
knowledge	  –	  the	  description	  of	  individual	  experience	  should	  ideally	  emerge	  freely.	  
The	  ‘Nested	  Narratives’	  method,	  based	  on	  the	  Affordances4Learning	  project	  
(Williams,	  Gumtau	  &	  Karousou,	  2009),	  is	  currently	  a	  combination	  of	  such	  a	  
storytelling	  and	  interview	  method	  and	  a	  desktop	  application	  interface	  that	  allows	  
audio	  capture	  of	  a	  personal	  account	  (story),	  which	  is	  then	  mapped	  onto	  a	  fluid	  
network	  of	  nodes	  in	  a	  3D	  space,	  explorable	  by	  mouse	  movement.	  The	  user	  can	  then	  
map	  rich	  media	  to	  their	  story,	  thereby	  adding	  metaphorical	  associations.	  This	  
method	  seems	  promising	  in	  letting	  individual	  descriptions,	  and	  multisensory	  
metaphors	  emerge	  through	  participants	  telling	  stories.	  
A	  reflection	  on	  the	  work	  of	  the	  thesis	  showed	  that	  more	  multidisciplinary	  work	  like	  
this	  is	  still	  necessary,	  considering	  technological	  and	  philosophical	  developments	  in	  
conjunction	  for	  example	  –	  affordances,	  embodied	  interaction	  and	  metaphors	  have	  
been	  shown	  to	  be	  useful	  concepts	  to	  inform	  the	  design	  of	  multisensory	  interaction.	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With	  technology	  evolving	  into	  multisensory	  capabilities,	  a	  new	  design	  space	  opens	  
up:	  mapping	  content	  from	  one	  sensory	  mode	  to	  another	  into	  a	  salient	  interface	  
requires	  exploration	  of	  the	  affordances	  of	  each	  mode	  and	  the	  recommendation	  is	  to	  
use	  the	  framework	  of	  embodied	  metaphors	  and	  affordances	  established	  here,	  and	  
let	  these	  guide	  the	  design.	  In	  terms	  of	  the	  potential	  of	  touch	  for	  communication,	  it	  
has	  been	  shown	  that	  metaphorical	  association	  do	  emerge	  and	  that	  semiotics	  could	  
be	  a	  more	  useful	  model	  than	  linguistics.	  Indeed,	  an	  interest	  in	  semiotics	  as	  a	  useful	  
model	  in	  haptic	  research	  is	  emerging,	  for	  example	  the	  work	  presented	  here	  on	  
semiotics	  and	  Haptic	  Interfaces	  has	  been	  cited	  by	  Paneëls	  &	  Roberts	  (2009)	  in	  a	  
review	  of	  the	  field	  for	  Haptic	  Data	  visualization.	  Tactile	  experiences	  in	  form	  of	  
textures	  do	  seem	  to	  draw	  forth	  a	  commonly	  shared	  response	  in	  the	  Haptic	  Box,	  and	  
haptic	  expressions	  via	  the	  PinKom	  were	  emerging	  and	  also	  capable	  of	  being	  shared.	  	  
For	  the	  future,	  it	  has	  emerged	  that	  there	  is	  a	  larger	  issue	  of	  multimodality	  in	  design	  
for	  interactive	  media.	  As	  digital	  media	  increasingly	  becomes	  capable	  of	  facilitating	  
multimodal	  engagement,	  multisensory	  interaction	  design	  should	  be	  based	  on	  
affordances,	  embodied	  interaction	  and	  metaphors.	  Then,	  the	  potential	  of	  the	  
synaesthetic	  experience	  grows	  meaningfully	  and	  coherently	  within	  the	  individual	  or	  





Ainsworth,	  T.	  (n.d.).	  Tactile	  Imagery	  –	  Research	  projects.	  Retrieved	  2/09/2007	  from	  
http://www.tomainsworth.com/worddrawingi.php	  
Antle,	  A.,	  Corness,	  G.,	  Droumeva,	  M.	  (2009).	  What	  the	  Body	  Knows:	  Exploring	  the	  
Benefits	  of	  Embodied	  Metaphors	  in	  Hybrid	  Physical	  Digital	  Environments.	  
Interacting	  with	  Computers,	  Vol.	  21	  (1-­‐2),	  66-­‐75.	  
Argyle,	  M.	  (1975).	  Bodily	  Communication.	  New	  York:	  International	  Universities	  Press.	  
Aristotle	  (1987).	  De	  Anima:	  On	  the	  Soul	  (H.	  Lawson-­‐Tancred,	  Trans.).	  London:	  
Penguin	  Classics.	  (Original	  text	  published	  350BCE)	  	  
Avis,	  A.	  (1998).	  Touch,	  Massage	  &	  Nursing.	  Positive	  Health:	  Complementary	  Medicine	  
Magazine,	  24.	  Retrieved	  09/07/2008	  from	  
http://www.positivehealth.com/article-­‐abstract.php?articleid=2325	  
Ayres,	  J.	  (1979).	  Sensory	  Integration	  and	  the	  Child.	  L.A.,	  CA:	  Western	  Psychological	  
Services.	  	  
Baranek	  G.T.,	  David	  F.J.,	  Poe	  M.D.,	  Stone	  W.L.,	  Watson	  L.R.	  (2006).	  Sensory	  
Experiences	  Questionnaire:	  Discriminating	  Sensory	  Features	  in	  Young	  
	  
	  245	  
Children	  with	  Autism,	  Developmental	  Delays,	  and	  Typical	  Development.	  
Journal	  of	  Child	  Psychology	  and	  Psychiatry,	  Vol	  47(6),	  591-­‐601.	  
Barker,	  P.,	  Van	  Schaik,	  P.	  (2000).	  Icons	  in	  the	  Mind.	  In	  M.	  Yasdani,	  P.	  Barker	  (Eds.).	  
Iconic	  Communication.	  Bristol:	  Intellect.	  
Barnlund,	  D.	  C.	  (1975).	  Communicative	  Styles	  in	  Two	  Cultures:	  Japan	  and	  the	  United	  
States.	  In	  A.	  Kendon,	  R.	  M.	  Harris,	  M.	  R.	  Key	  (Eds.)	  The	  Organization	  of	  
Behaviour	  in	  Face	  to	  Face	  Interaction	  (p.427-­‐426),	  The	  Hague:	  Mouton.	  
Basdogan,	  C.;	  Ho,	  C.,	  Srinivasan,	  M.	  &	  Slater,	  M.	  (2000).	  An	  Experimental	  Study	  on	  
the	  Role	  of	  Touch	  in	  Shared	  Virtual	  Environments.	  ACM	  Trans.	  Computer	  
Human	  Interaction	  7(4),	  443-­‐460.	  	  
Bateson,	  G.	  (1987).	  Steps	  to	  an	  Ecology	  of	  Mind.	  Northvale,	  N.J.;	  London:	  Aronson.	  
Blacking,	  J.	  (1974).	  How	  Musical	  Is	  Man?	  Seattle:	  University	  of	  Washington	  Press.	  	  
Blechschmidt,	  E.	  (1977).	  The	  Beginning	  of	  Human	  Life.	  New	  York:	  Springer.	  
Bohm,	  D.	  (1980).	  Wholeness	  and	  the	  Implicate	  Order.	  London:	  Routledge	  &	  P.	  Kegan.	  	  
Brave,	  S.,	  Dahley,	  A.	  (1997).	  inTouch:	  A	  Medium	  for	  Haptic	  Interpersonal	  
Communication.	  In	  Proceedings	  of	  CHI	  97,	  Atlanta,	  363-­‐364.	  
Brave,	  S.,	  Ishii,	  H.,	  Dahley,	  A.	  (1998)	  Tangible	  Interfaces	  for	  Remote	  and	  
Collaboration	  Communication.	  In	  Proceedings	  of	  Conference	  on	  Computer	  
supported	  cooperative	  work	  ‘98,	  169-­‐178.	  
Brewster,	  S.	  A.,	  Wright,	  P.C.,	  and	  Edwards,	  A.D.N.,	  (1995).	  Experimentally	  Derived	  
Guidelines	  for	  the	  Creation	  of	  Earcons.	  In	  Proceedings	  of	  HCI	  95:	  People	  and	  
Computers,	  Huddersfield:	  BCS,	  1995.	  
Brown,	  L.,	  Brewster,	  S.,	  Purchase,	  H.	  (2005).	  A	  First	  Investigation	  into	  the	  
Effectiveness	  of	  Tactons.	  In	  Proceedings	  of	  Worldhaptics	  ’05	  (pp.	  167-­‐176),	  
Washington:	  IEEC	  Computer	  Society.	  
Brown,	  J.,	  Sime,	  J.	  (1981).	  A	  Methodology	  for	  Accounts,	  in	  Brenner,	  M.	  (Ed.)	  Social	  
Method	  and	  Social	  Life	  (pp	  159-­‐188).	  London:	  Academic	  Press,	  	  
Bruttel,	  T.	  (2000).	  Social	  Figures	  of	  the	  Hand.	  In	  Petruschat,	  J.	  (Ed.)	  Form	  +	  Zweck:	  
How	  To	  Handle	  Hands?,	  Vol	  18,	  Berlin:	  Form	  +	  Zweck.	  Retrieved	  04/03/2006	  
from	  http://www.f-­‐u-­‐z.org/eng/themen.php?C+hand+100+social_f	  
Buber,	  M.	  (2004).	  I	  and	  Thou.	  Continuum	  International	  Publishing	  Group.	  (Original	  
work	  published	  1923)	  	  
	  
	  246	  
Buerger,	  M.	  (1956).	  Die	  Hand	  des	  Kranken.	  In	  Petruschat,	  J.	  (Ed.),	  Form	  +	  Zweck,	  Vol	  
18,	  Berlin:	  Form	  +	  Zweck.	  
Bull,	  M.	  (2006).	  Introducing	  Sensory	  Studies.	  Senses	  &	  Society,	  Vol	  1	  (1),	  5-­‐8.	  
Burdea,	  G.	  C.	  (1999).	  Haptic	  Feedback	  for	  Virtual	  Reality.	  Proceedings	  of	  Virtual	  
Reality	  and	  Prototyping	  Workshop.	  
Burke,	  J.L.,	  Prewett,	  M.S.,	  Gray,	  A.A.,	  Yang,	  L.,	  Stilson,	  F.,	  Coovert,	  F.,	  Elliot,	  L.	  &	  
Redden,	  E.	  (2006).	  Comparing	  the	  Effects	  of	  Visual-­‐Auditory	  and	  Visual-­‐
Tactile	  Feedback	  on	  User	  Performance:	  a	  Meta-­‐Analysis.	  In	  Proceedings	  of	  
ICMI	  '06.	  NY:	  ACM,	  108-­‐117.	  
Buxton,	  W.	  (1992).	  Snow's	  Two	  Cultures	  Revisited.	  In	  L.	  Jacobson	  (Ed.),	  Cyberarts:	  
Exploring	  art	  &	  technology	  (pp.	  24-­‐31),.	  San	  Francisco:	  Miller	  Freeman.	  
Carroll,	  J.	  B.	  (1959).	  Review	  of	  The	  Measurement	  of	  Meaning.	  Language,	  35(1),	  	  
Linguistic	  Society	  of	  America,	  58-­‐77.	  
Chan,	  A.,	  Maclean,	  K.	  &	  McGrenere,	  J.	  (2005).	  Learning	  and	  Identifying	  Haptic	  Icons	  
under	  Workload.	  In	  Proceedings	  of	  Worldhaptics	  05,	  Pisa.	  
Chandler,	  D.	  (2002).	  Semiotics:	  The	  Basics.	  Routledge.	  Retrieved	  10/11/09	  from	  
http://www.aber.ac.uk/media/Documents/S4B/sem04.html	  
Chang,	  A.,	  O’Modhrain,	  S.,	  Jacobs,	  R.,	  Gunther,	  E.,	  &	  Ishii,	  H.	  (2002).	  ComTouch:	  
Design	  of	  a	  Vibrotactile	  Communication	  Device.	  Proceedings	  of	  Designing	  
Interactive	  Systems,	  London:	  ACM	  Press.	  
Cheung,	  P.	  P.	  P.,	  Siu,	  A.	  M.	  H.	  (2009).	  A	  comparison	  of	  Patterns	  of	  Sensory	  Processing	  
in	  Children	  with	  and	  without	  Developmental	  Disabilities.	  Research	  in	  
Developmental	  Disabilities,	  Vol	  30	  (6),	  1468-­‐1480.	  	  	  	  
Classen,	  C.	  (2005).	  The	  Book	  of	  Touch.	  Oxford:	  Berg.	  
Cox,	  H.,	  Burns,	  I.,	  Savage,	  S.	  (2004).	  Multisensory	  Environments	  for	  Leisure:	  
Promoting	  Well-­‐being	  in	  Nursing	  Home	  Residents	  with	  Dementia.	  J	  Gerontol	  
Nurs,	  30(2),	  37-­‐45.	  
Crane	  L.,	  Goddard	  L.,	  Pring	  L	  (2009).	  Sensory	  Processing	  in	  Adults	  with	  Autism	  
Spectrum	  Disorders.	  Autism,	  Vol	  13	  (3),	  215-­‐228.	  	  	  
Cochrane,	  N	  (1990).	  Physical	  Contact	  Experience	  and	  Depression.	  Acta	  Psychiatr	  
Scand	  Suppl,	  357,	  1-­‐91.	  
	  
	  247	  
Crusco,	  A.H.,	  &	  Wetzel,	  C.G.	  (1984).	  The	  Midas	  Touch:	  The	  Effects	  of	  Interpersonal	  
Touch	  on	  Restaurant	  Tipping.	  Personality	  and	  Social	  Psychology	  Bulletin,	  10,	  
512-­‐517.	  
Csíkszentmihályi,	  M.	  (1996).	  Creativity:	  Flow	  and	  the	  Psychology	  of	  Discovery	  and	  
Invention.	  New	  York:	  Harper	  Perennial.	  
Cybergrasp	  Exoskeleton	  (2008).	  Groundbreaking	  Haptic	  Interface	  for	  the	  Entire	  
Hand.	  Retrieved	  08/06/08	  from	  Immersion	  Corporation	  site	  
http://www.immersion.com/3d/products/cyber_grasp.php	  
Damasio,	  A.	  (1994).	  Descartes	  Error:	  Emotion,	  Reason	  and	  the	  Human	  Brain.	  New	  
York:	  G.	  P.	  Putnam’s	  Sons.	  
Dautenhahn,	  K.,	  Werry,	  I.	  (2004).	  Towards	  Interactive	  Robots	  in	  Autism	  Therapy:	  
Background,	  Motivation	  and	  Challenges.	  Pragmatics	  &	  Cognition,	  12	  (1),	  1-­‐
35.	  
De	  Kerckhove,	  D.	  (1997).	  Skin	  of	  Culture.	  London:	  Kogan	  Page.	  
Descartes,	  R.	  (1996).	  Meditations	  on	  First	  Philosophy	  (With	  Selections	  from	  the	  
Objections	  and	  Replies).	  Cambridge:	  Cambridge	  University	  Press.	  (Original	  
work	  published	  1641)	  	  
Digital	  Pin	  Display	  (2003).	  Retrieved	  09/07/2008	  from	  the	  Generative	  Art	  site	  
http://www.generativeart.org/new/dpd.html	  
DiSalvo,	  C.,	  Gemperle,	  F.,	  Forlizzi,	  J.,	  Montgomery,	  E.	  (2003).	  The	  Hug:	  an	  Exploration	  
of	  Robotic	  Form	  for	  Intimate	  Communication.	  Proceedings	  of	  Robot	  and	  
Human	  Interactive	  Communication,	  403-­‐	  408.	  
Dobson,	  K.,	  Ju,	  W.,	  Donath,	  J.,	  Ishii,	  H.	  (2001).	  Creating	  Visceral	  Personal	  and	  Social	  
Interactions	  in	  Mediated	  Spaces.	  Proceedings	  of	  CHI	  01.	  
Dodge,	  C.	  (1996).	  The	  Bed:	  A	  Medium	  for	  Intimate	  Communication.	  In	  CHI	  97	  
Extended	  Abstracts,	  371-­‐372.	  
Doloughan,	  F.	  &	  Rogers,	  M.	  (2005).	  To	  see	  Things	  and	  Texts:	  Audiovisual	  Translation,	  
Audiodescription	  and	  Multimodality.	  Talk	  given	  at	  Multimodal	  Texts:	  
Reading	  Sign	  Systems	  conference	  ‘05,	  Portsmouth.	  	  
Dunn,	  W.	  (2001).	  The	  Sensations	  of	  Everyday	  Life:	  Empirical,	  Theoretical,	  and	  
Pragmatic	  Considerations.	  American	  Journal	  of	  Occupational	  Therapy,	  Vol	  
55	  (6),	  608-­‐620.	  
	  
	  248	  
Eco,	  U.	  (1980).	  Function	  and	  Sign:	  The	  Semiotics	  of	  Architecture.	  In	  G.	  Broadbent,	  R.	  
Bunt,	  &	  C.	  Jencks	  (Eds.)	  Signs,	  Symbols,	  and	  Architecture.	  Chichester:	  Wiley.	  	  
Eco,	  U.	  (2004).	  Mouse	  or	  Rat?	  Translation	  as	  Negotiation.	  London:	  Phoenix.	  
Edelson	  S.M.,	  Edelson	  M.G.,	  Kerr	  D.C.,	  Grandin	  T.	  (1999).	  Behavioral	  and	  
Physiological	  Effects	  of	  Deep	  Pressure	  on	  Children	  with	  Autism:	  A	  Pilot	  Study	  
Evaluating	  the	  Efficacy	  of	  Grandin's	  Hug	  Machine.	  American	  Journal	  of	  
Occupational	  Therapy,	  53(2),	  145-­‐52.	  
Ehn,	  P.,	  Kyng,	  M.	  (1992).	  Cardboard	  Computers:	  Mocking-­‐it-­‐up	  or	  Hands-­‐on	  the	  
Future.	  In	  J.	  Greenbaum,	  &	  M.	  Kyng	  (Eds.),	  Design	  at	  Work:	  Cooperative	  
Design	  of	  Computer	  Systems.	  Hillsdale,	  NJ:	  Lawrence	  Erlbaum	  Associates.	  
Ekman,	  P.	  &	  Friesen,	  W.V.	  (1974).	  Detecting	  Deception	  from	  the	  Body	  or	  Face.	  
Journal	  of	  Personality	  and	  Social	  Psychology,	  29,	  288-­‐298.	  
Elias,	  N.	  (2005).	  On	  Medieval	  Manners.	  In	  C.	  Classen,	  (Ed.)	  Book	  of	  Touch	  (pp.	  260-­‐
27),	  Oxford:	  Berg.	  	  
Enriquez,	  M.,	  MacLean,	  K.	  (2003).	  The	  Hapticon	  Editor:	  A	  Tool	  in	  Support	  of	  Haptic	  
Communication	  Research.	  In	  Proceedings	  of	  EuroHaptics	  03,	  Dublin.	  
Ernevi,	  A.,	  Eriksson,	  D.,	  Jacobs,	  M.,	  Löfgren,	  U.,	  Mazé,	  R.,	  Redström,	  J.,	  Thoresson,	  J.	  
&	  Worbin,	  L.	  (2005.)	  Tic	  Tac	  Textiles.	  Retrieved	  08/06/08	  from	  the	  site	  
Interactive	  Institute	  Design	  Goeteborg	  at	  
http://www.tii.se/reform/projects/itextile/tictactextiles.html	  
Faraway	  project	  (2003).	  The	  Story	  of	  a	  Distant	  One.	  Retrieved	  08/06/08	  from	  the	  
Faraway	  project	  site	  http://www.ifonly.org/	  
Finnegan,	  R.	  (2002).	  Communicating:	  The	  Multiple	  Modes	  of	  Human	  
Interconnection.	  New	  York:	  Routledge.	  	  
Fischer,	  H.,	  Trapp,	  R.,	  Schiile,	  L.,	  Hoffmann,	  B.	  (1997).	  Actuator	  Array	  for	  Use	  in	  
Minimally	  Invasive	  Surgery.	   Journal	  de	  Physique	  IV	  (Colloque),	  7,	  609-­‐14.	  
Fisher,	  J.	  D.,	  Rytting,	  M.,	  Heslin,	  R.	  (1976).	  Hands	  Touching	  Hands:	  Affective	  and	  
Evaluative	  Effects	  of	  an	  Interpersonal	  Touch.	  Sociometry,	  39,	  416-­‐421.	  
Frank,	  L.	  K.	  (1957).	  Tactile	  Communication.	  Genetic	  Psychology	  Monographs,	  56,	  209-­‐
55.	  




Gemperle,	  F.,	  DiSalvo,	  C.,	  Forlizzi,	  J.,	  &	  Yonkers,	  W.	  (2003).	  The	  Hug:	  a	  New	  Form	  for	  
Communication.	  In	  Proceedings	  of	  the	  2003	  Conference	  on	  Designing	  For	  
User	  Experiences,	  DUX	  '03,	  1-­‐4.	  
Getzinger,	  G.	  (2005).	  Haptik	  -­‐	  Rekonstruktion	  eines	  Verlustes.	  München;	  Wien:	  Profil	  
Verlag.	  
Gibson,	  J.J.	  (1966).	  The	  Senses	  considered	  as	  Perceptual	  Systems.	  Oxford,	  England:	  
Houghton	  Mifflin.	  
Gibson,	  J.J.	  (1979).	  The	  Ecological	  Approach	  to	  Visual	  Perception.	  Hillsdale,	  NJ:	  
Lawrence	  Erlbaum.	  
Glucklich,	  A.	  (2005).	  The	  Tortures	  of	  the	  Inquisition	  and	  the	  Invention	  of	  Modern	  
Guilt.	  In	  C.	  Classen,	  (Ed.),	  The	  Book	  of	  Touch,	  Oxford:	  Berg.	  
Goldschmidt,	  W.	  (1997).	  Nonverbal	  Communication	  and	  Culture.	  In	  U.	  Segerstrale,	  P.	  
Molnar	  (Eds.),	  Nonverbal	  Communication:	  Where	  Nature	  Meets	  Culture,	  
Hilldale,	  NJ:	  Lawrence	  Erlbaum	  Associates.	  
Goldstein,	  S.,	  &	  Rosenthal,	  R.	  (1986).	  Self-­‐touching	  Behaviour	  in	  the	  Job	  Interview:	  
Antecedents	  and	  Consequences.	  Journal	  of	  Nonverbal	  Behaviour,	  10,	  65-­‐80.	  
Grau,	  O.	  (2000).	  Ancestors	  of	  the	  Virtual,	  Historical	  Aspects	  of	  Virtual	  Reality	  and	  its	  
Contemporary	  Impact.	  Retrieved	  12/12/09	  from	  
http://www.unites.uqam.ca/AHWA/Meetings/2000.CIHA/Grau.html	  
Grandin,	  T.	  (1996).	  Emergence:	  Labeled	  Autistic.	  New	  York,	  NY:	  Warner	  Books.	  
Greenbaum,	  J.,	  Kyng,	  M.	  (1992).	  Design	  at	  Work:	  Cooperative	  Design	  of	  Computer	  
Systems.	  Hilldale,	  NJ:	  Lawrence	  Erlbaum	  Associates.	  
Gregory,	  R.L.,	  Wallace,	  J.G.	  (1963).	  Recovery	  from	  Early	  Blindness:	  a	  Case	  Study.	  
Quarterly	  Journal	  of	  Experimental	  Psychology,	  No.	  2,	  Cambridge:	  Heffers.	  
Guclu	  B.,	  Tanidir,	  C.,	  Mukaddes	  N.M.,	  Unal,	  F.	  (2007).	  Tactile	  Sensitivity	  of	  Normal	  
and	  Autistic	  Children.	  Somatosensory	  and	  Motor	  Research,	  24(1-­‐2),	  21-­‐33	  	  
Gumtau,	  S.,	  Newland,	  P.,	  Creed,	  C.	  (2005).	  MEDIATE	  –	  a	  Multisensory	  Environment	  
Designed	  for	  Children	  with	  Autism.	  Proceedings	  of	  Accessible	  Design	  in	  a	  
Digital	  World	  conference	  ‘05,	  UK.	  
Gunther,	  E.,	  Davenport,	  G.,	  O’Modhrain,	  S.	  (2002).	  Cutaneous	  Grooves:	  Composing	  
for	  the	  Sense	  of	  Touch.	  In	  Proceedings	  of	  NIME,	  Dublin.	  
	  
	  250	  
Haans,	  A.,	  Ijsellsteijn,	  W.	  (2006).	  Mediated	  Social	  Touch:	  a	  Review	  of	  Current	  
Research	  and	  Future	  Directions.	  Virtual	  Reality	  Journal,	  9	  (2-­‐3),	  149-­‐159.	  	  
Hale,	  K.	  &	  Stanney,	  K.M.	  (2004).	  Deriving	  Haptics	  Guidelines	  from	  Human	  
Physiological,	  Psychophysical	  and	  Neurological	  Foundations.	  IEEE	  Computer	  
Graphics	  and	  Applications,	  33-­‐39.	  
Hall,	  E.	  T.	  (1966).	  The	  Hidden	  Dimension.	  New	  York:	  Doubleday.	  	  
Hardie,	  K.,	  Langdown,	  P.	  (2007).	  Flockage:	  The	  Flock	  Phenomenon.	  Retrieved	  
9/04/2009	  from	  http://www.adm.heacademy.ac.uk/news/sector-­‐
news/flockage-­‐the-­‐flock-­‐phenomenon	  
Harlow,	  H.	  F.	  (1958).	  The	  Nature	  of	  Love.	  American	  Psychologist,	  13,	  678-­‐685.	  
Hansen,	  M.	  B.	  N.	  (2006).	  Bodies	  in	  Code	  –	  Interfaces	  with	  Digital	  Media.	  Oxon:	  
Routledge	  
Hansson,	  R.	  and	  Skog,	  T.	  (2001).	  The	  LoveBomb:	  Encouraging	  the	  Communication	  of	  
Emotions	  in	  Public	  Spaces.	  In	  CHI	  '01	  Extended	  Abstracts	  on	  Human	  Factors	  
in	  Computing	  Systems,	  433-­‐434.	  
Hayashi,	  T.,	  Agamanolis,	  S.,	  McGrath,	  C.	  (2004).	  Mutsugoto	  /	  Pillow	  Talk:	  a	  Body-­‐
Drawing	  Communicator	  for	  Distant	  Partners.	  Retrieved	  08/06/08	  from	  
Media	  Lab	  Europe’s	  site	  at	  
http://web.media.mit.edu/~stefan/hc/projects/mutsugoto/	  	  
Hayward,	  P.,	  Wollen,	  T.	  (Eds)	  (1993).	  Future	  Visions:	  New	  Technologies	  of	  the	  Screen.	  
London:	  BFI.	  
Hayward,	  V.	  (2000).	  Haptics:	  A	  Key	  to	  Fast	  Paced	  Interactivity.	  Human	  Friendly	  
Mechatronics:	  Selected	  Papers	  of	  the	  International	  conference	  of	  Machine	  
Automation,	  Osaka,	  25-­‐27.	  
Heaton,	  P.,	  Hermelin,	  B.,	  Pring,	  L.	  (1999).	  Can	  Children	  with	  Autistic	  Spectrum	  
Disorders	  perceive	  Affect	  in	  Music?.	  Psychological	  Medicine,	  29(6),	  1405-­‐
1410.	  
Heft,	  H.	  (2005).	  Ecological	  Psychology	  in	  Context:	  James	  Gibson,	  Roger	  Barker,	  and	  
the	  Legacy.	  London:	  Routledge.	  
Heidegger,	  M.	  (2002).	  On	  Time	  and	  Being.	  Chicago:	  University	  of	  Chicago	  Press.	  	  	  
Heller,	  S	  (1997).	  The	  Vital	  Touch:	  How	  Intimate	  Contact	  with	  Your	  Baby	  Leads	  to	  
Happier,	  Healthier	  Development.	  Henry	  Holt.	  
	  
	  251	  
Hertenstein,	  M.J.,	  Keltner,	  D.,	  App,	  B.,	  Bulleit,	  B.A.,	  Jaskolka,	  A.R.	  (2006).	  Touch	  
Communicates	  Distinct	  Emotions.	  Emotion,	  6(3),	  528-­‐533.	  
Hertenstein,	  M.J.,	  Holmes,	  R.,	  McCullough,	  M.,	  Keltner,	  D.	  (2009).	  The	  
Communication	  of	  Emotion	  via	  Touch.	  Emotion.	  9(4),	  566-­‐573.	  
Heslin,	  R.,	  Alper,	  T.	  (1983).	  Touch:	  A	  Bonding	  Gesture.	  In	  J.	  M.	  Wiemann	  &	  R.	  P.	  
Harrison	  (Eds.),	  Nonverbal	  Interaction	  (pp.	  47-­‐75).	  Sage.	  
Hibbitts,	  B.	  J.	  (1992).	  Coming	  to	  our	  Senses:	  Communication	  and	  Legal	  Expression	  in	  
Performance	  Cultures.	  Emory	  Law	  Journal,	  4(4),	  874-­‐959.	  
Ho,	  C.,	  Basdogan,	  C.,	  Slater,	  M.,	  Durlach,	  N.,	  Srinivasan,	  M.	  (1998).	  An	  Experiment	  on	  
the	  Influence	  of	  Haptic	  Communication	  on	  the	  Sense	  of	  Being	  Together.	  
Presented	  at	  the	  BT	  Workshop	  on	  Presence	  in	  Shared	  Virtual	  Environments.	  
Ho,C.,	  Tan,	  H.Z.,	  Spence,	  C.	  (2005).	  Using	  Spatial	  Vibrotactile	  Cues	  to	  Direct	  Visual	  
Attention	  in	  Driving	  Scenes,	  Transportation	  Research	  Part	  F:	  Traffic	  
Psychology	  and	  Behaviour,	  Vol	  8(6),	  397-­‐412.	  
Hodge,	  Robert	  &	  Gunther	  Kress	  (1988):	  Social	  Semiotics.	  Cambridge:	  Polity	  
Hodgetts,	  S.,	  Hodgetts,	  W.	  (2007).	  Somatosensory	  Stimulation	  Interventions	  for	  
Children	  with	  Autism:	  Literature	  Review	  and	  Clinical	  Considerations.	  
Canadian	  Journal	  of	  Occupational	  Therapy,	  74(5).	  393–400.	  	  
Hogg,	  J.,	  Cavet,	  J.,	  Lambe,	  L.,	  Smeddle,	  M.	  (2001).	  The	  Use	  of	  ‘Snoezelen’	  as	  
Multisensory	  Stimulation	  with	  People	  with	  Intellectual	  Disabilities:	  a	  Review	  
of	  the	  Research.	  Research	  in	  Developmental	  Disabilities,	  22(5),	  353-­‐372.	  
Hope,	  K.W.	  (1998).	  The	  Effects	  of	  Multisensory	  Environments	  on	  Older	  People	  with	  
Dementia.	  Journal	  of	  Psychiatric	  and	  Mental	  Health	  Nursing,	  5(5),	  377-­‐385.	  
Houghton,	  S.,	  Douglas,	  G.,	  Brigg,	  J.,	  Langsford,	  S.,	  Powell,	  L.,	  West,	  J.,	  Chapman,	  A.,	  
Kellner,	  R.	  (1998).	  An	  Empirical	  Evaluation	  of	  an	  Interactive	  Multi-­‐sensory	  
Environment	  for	  Children	  with	  Disability.	  Journal	  of	  Intellectual	  and	  
Developmental	  Disability,	  23(4),	  267-­‐278.	  
Howes,	  D.	  (2005).	  Empire	  of	  the	  Senses:	  the	  Sensual	  Culture	  Reader.	  Oxford:	  Berg	  
Hulsegge,	  J.,	  Verheul,	  A.	  (1987).	  Snoezelen:	  Another	  World.	  Chesterfield:	  Rompa	  
International	  Ltd.	  




Hume,	  D.	  (1963).	  A	  Treatise	  of	  Human	  Nature.	  In	  V.C.	  Chappell	  (Ed.)	  The	  Philosophy	  
of	  David	  Hume,	  Modern	  Library.	  	  
Hwang,	  F.,	  Langdon,	  P.,	  Keates,	  S.	  and	  Clarkson,	  P.j.	  (2003).	  The	  Effect	  of	  Multiple	  
Haptic	  Distractors	  on	  the	  Performance	  of	  Motion-­‐Imparied	  Users,	  
Proceedings	  Eurohaptics	  2003.	  
Iarocci	  G,	  McDonald	  J	  (2006).	  Sensory	  Integration	  and	  the	  Perceptual	  Experience	  of	  
Persons	  with	  Autism.	  Journal	  of	  Autism	  and	  Developmental	  Disorders,	  36(1),	  
77-­‐90.	  
Igoe,	  E.	  (2007).	  Flock;	  Designing	  a	  New	  Future?.	  In	  Proceedings	  of	  19th	  International	  
Flock	  Symposium	  (pp.	  171-­‐193),	  Verband	  der	  Flockindustrie	  Europa:	  Berlin.	  
Ishii,	  H.,	  Ratti,	  C.,	  Piper,	  B.,	  Wang,	  Y.,	  Biderman,	  A.,	  Ben-­‐Joseph,	  E.	  (2004).	  Bringing	  
Clay	  and	  Sand	  into	  Digital	  Design	  -­‐	  Continuous	  Tangible	  User	  Interfaces.	  In	  
BT	  Technology	  Journal,	  22(4),	  287-­‐299.	  
Ishii,	  H.,	  Ullmer,	  B.,	  (1997).	  Tangible	  Bits:	  Towards	  Seamless	  Interfaces	  between	  
People,	  Bits	  and	  Atoms.	  Proceedings	  of	  the	  SIGCHI	  conference	  on	  Human	  
Factors	  in	  Computing	  Systems,	  234-­‐241.	  
Iwata,	  H.,	  Yano,	  H.,	  Nakaizumi,	  F.,	  Kawamura,	  R.	  (2001).	  Project	  FEELEX:	  Adding	  
Haptic	  Surface	  to	  Graphics.	  Proceedings	  of	  Computer	  graphics	  and	  
interactive	  techniques	  (28th),	  469-­‐476.	  
Jaspers,	  K.	  (1947).	  Von	  der	  Wahrheit.	  In	  Petruschat,	  J.	  (Ed.),	  Form	  +	  Zweck,	  18,	  Berlin:	  
Form	  +	  Zweck.	  
Jencks,	  C.	  (1980)	  The	  Architectural	  Sign.	  In	  G.	  Broadbent,	  R.	  Bunt,	  &	  C.	  Jencks	  (Eds.),	  
Signs,	  Symbols,	  and	  Architecture,	  John	  Wiley	  &	  Sons.	  
Johnson,	  M.	  (1987).	  The	  Body	  in	  the	  Mind:	  The	  Bodily	  Basis	  of	  Meaning,	  Imagination,	  
and	  Reason.	  Chicago:	  University	  of	  Chicago	  Press.	  
Johnson,	  M.	  (2007).	  The	  Meaning	  of	  the	  Body	  –	  Aesthetics	  of	  Human	  Understanding.	  
Chicago:	  University	  of	  Chicago	  Press.	  
Jones,	  S.	  E.,	  &	  Yarbrough,	  A.	  E.	  (1985).	  A	  Naturalistic	  Study	  of	  the	  Meanings	  of	  Touch.	  
Communication.	  Monographs,	  52,	  19-­‐56.	  
Kahana,	  G.	  (2005).	  The	  Space	  Between	  Us.	  Exhibited	  at	  the	  Mall	  Gallery,	  London,	  UK.	  




Kiesling,	  U.	  (2000).	  Sensorische	  Integration	  im	  Dialog	  –	  Verstehen	  und	  Helfen	  ins	  
Gleichgewicht	  zu	  Kommen.	  Dortmund:	  Verlag	  Modernes	  Lernen.	  
Kim,	  J.,	  Kim,	  H.,	  Tay,	  B.,	  Muniyandi,	  M.,	  Srinivasan,	  M.,	  Jordan,	  J.,	  Mortensen,	  J.,	  
Oliveira,	  M.	  &	  Slater,	  M.	  (2004).	  Transatlantic	  Touch:	  A	  Study	  of	  Haptic	  
Collaboration	  over	  Long	  Distance.	  Presence:	  Teleoperators	  and	  Virtual	  
Environments,	  13(3),	  328-­‐337.	  
King,	  A.	  (2000).	  On	  the	  Possibility	  and	  Impossibility	  of	  a	  Universal	  Iconic	  
Communication	  System.	  In	  M.	  Yasdani	  and	  P.	  Barker	  (Eds.),	  Iconic	  
Communication,	  Bristol:	  Intellect.	  	  
Kiss	  Communicator	  (2005).	  Retrieved	  08/06/08	  from	  Regine’s	  blog	  we-­‐make-­‐money-­‐
not-­‐art	  http://www.we-­‐make-­‐money-­‐not-­‐art.com/archives/2005/10/kiss-­‐
communicat.php	  
Knapp,	  M.	  L.,	  Hall,	  J.	  A.	  (2005).	  The	  Effects	  of	  Touch	  on	  Human	  Communication.	  In	  M.	  
Knapp	  &	  J.	  Hall	  (Eds.)	  Nonverbal	  Communication	  in	  Human	  Interaction,	  
Wadsworth	  Publishing.	  
Kozel,	  S.	  (2005).	  Spacemaking:	  Experiences	  of	  a	  Virtual	  Body.	  In	  C.	  Classen	  (Ed.)	  The	  
Book	  of	  Touch,	  Oxford:	  Berg.	  
Kozima,	  H.,	  Nakagawa,	  C.,	  Yasuda,	  Y.	  (2004).	  Interactive	  Robots	  for	  Communication-­‐
Care:	  a	  Case-­‐Study	  in	  Autism	  Therapy.	  Proceedings	  of	  IEEE	  International	  
Workshop	  on	  Robot	  and	  Human	  Communication	  (ROMAN	  2005),	  341-­‐	  346.	  
Kress,	  G.	  (2004).	  Reading	  Images:	  Multimodality,	  Representation	  and	  New	  Media.	  
Information	  Design	  Journal,	  12	  (2),	  110-­‐119.	  
Kress,	  G.,	  &	  Van	  Leeuwen,	  T.	  (2001).	  Multimodal	  Discourse:	  The	  Modes	  and	  Media	  of	  
Contemporary	  Communication.	  London:	  Arnold.	  
Krueger	  M.,	  W.,	  Gionfriddo,	  T.,	  Hinrichsen,	  K.	  (1985).	  VIDEOPLACE—an	  Artificial	  
Reality.	  Proceedings	  of	  the	  SIGCHI	  conference	  on	  Human	  factors	  in	  
computing	  systems,	  35-­‐40.	  	  
Krueger,	  M.	  (1991).	  Artificial	  Reality:	  Past	  and	  Future.	  in	  Helsel,	  S.	  &	  Roth,	  J.P.	  (Ed)	  
Virtual	  Reality:	  Theory,	  Practice,	  and	  Promise,	  Westport,	  CT:	  Meckler;	  	  
Kuhn,	  T.	  S.	  (1962).	  The	  Structure	  of	  Scientific	  Revolutions.	  Chicago:	  University	  of	  
Chicago	  Press.	  	  
	  
	  254	  
Kujala,	  S.	  (2003).	  User	  Involvement:	  A	  Review	  of	  the	  Benefits	  and	  Challenges.	  In	  
Behaviour	  &	  Information	  Technology,	  22(1),	  1-­‐16.	  
Kunz,	  D.,	  &	  Peper,	  E.	  (1985).	  Fields	  and	  Their	  Clinical	  Implications.	  	  Spiritual	  Aspects	  
of	  the	  Healing	  Arts,	  The	  Theosopical	  Publishing	  House,	  213-­‐261.	  	  	  
Lakoff,	  G.	  &	  Johnson,	  M.	  (1980).	  Metaphors	  We	  Live	  By.	  University	  of	  Chicago	  Press.	  
Lawton,	  G.	  (n.d.).	  Tactile	  Illusions:	  Seven	  Ways	  to	  Fool	  your	  Sense	  of	  Touch.	  
Retrieved	  15/09/09	  	  from	  New	  Scientist	  website	  
http://www.newscientist.com/special/tactile-­‐illusions	  
Lederman,	  S.J.,	  Katzky,	  R.L	  (1987).	  Hand	  Movements:	  a	  Window	  into	  Haptic	  Object	  
Recognition.	  Cognitive	  Psychology,	  19(3),	  342-­‐368.	  
Lee,	  J.	  C.,	  	  Avrahami,	  D.,	  Hudson,	  S.,	  E.,	  Forlizzi,	  J.,	  Dietz,	  P.	  H.,	  Leigh,	  D.	  (2004).	  The	  
Calder	  Toolkit:	  Wired	  and	  Wireless	  Components	  for	  Rapidly	  Prototyping	  
Interactive	  Devices.	  Proceedings	  of	  DIS	  04,	  167-­‐175.	  
Leeds-­‐Hurwitz,	  W.	  (1993).	  Semiotics	  and	  Communication:	  Signs,	  Codes,	  Cultures.	  
Hillsdale,	  NJ:	  Lawrence	  Erlbaum.	  
Leroi-­‐Gourhan,	  A.	  (1964).	  Hand	  und	  Wort:	  Die	  Evolution	  von	  Technik,	  Sprache	  und	  
Kunst.	  In	  Petruschat,	  J.	  (Ed.),	  Form	  +	  Zweck,	  Vol	  18,	  Form	  +	  Zweck:	  Berlin.	  
Levin,	  G.	  (2007).	  Interstitial	  Fragment	  Processor.	  Retrieved	  09/11/09	  from	  
http://www.flong.com/projects/ifp/	  
Linvill,	  J.	  G.	  (1973).	  Research	  and	  Development	  of	  Tactile	  Facsimile	  Reading	  Aid	  for	  
the	  Blind:	  The	  Optacon.	  U.S.	  Dept.	  of	  Health,	  Education	  and	  Welfare,	  Office	  
of	  Education,	  Bureau	  of	  Education	  for	  the	  Handicapped.	  
Löwgren,	  J.	  (2007).	  Pliability	  as	  an	  Experiential	  Quality:	  Exploring	  the	  Aesthetics	  of	  
Interaction	  Design.	  Artifact,	  1(2),	  85–95.	  
Lumen	  (2004).	  Retrieved	  09/07/2008	  from	  the	  Sony	  site	  
http://www.sonycsl.co.jp/person/poup/projects/lumen.html	  
MacLean,	  K.	  E.	  (2000a).	  Application-­‐Centred	  Haptic	  Interface	  Design.	  In	  M.	  Srinivasan	  
&	  M.	  Cutkosky	  (Eds.),	  Human	  and	  Machine	  Haptics.	  MIT	  Press.	  	  
MacLean,	  K.	  E.	  (2008).	  Haptic	  Interaction	  Design	  for	  Everyday	  Interfaces.	  In	  M.	  
Carswell	  (Ed.),	  Reviews	  of	  Human	  Factors	  and	  Ergonomics,	  Human	  Factors	  
and	  Ergonomics	  Society.	  
	  
	  255	  
MacLean,	  K.	  E.	  (2000b).	  Designing	  with	  Haptic	  Feedback.	  Proceedings	  of	  IEEE	  
Robotics	  and	  Automation	  '00,	  Symposium	  on	  Haptic	  Feedback.	  
MacLean,	  K.	  E.,	  Enriquez,	  M.	  (2003).	  Perceptual	  Design	  of	  Haptic	  Icons.	  Proceedings	  
of	  EuroHaptics	  03.	  
MacLean,	  K.	  E.	  &	  Roderick,	  J.	  B.	  (1999).	  Aladdin:	  Exploring	  Language	  with	  a	  Haptic	  
Door	  Knob.	  Interval	  Research	  Corp	  TR#	  1999-­‐058.	  
Major,	  B.,	  Heslin,	  R.	  (1982).	  Perceptions	  of	  Cross-­‐Sex	  and	  Same-­‐Sex	  Nonreciprocal	  
Touch:	  It	  is	  Better	  to	  Give	  than	  to	  Receive.	  Journal	  of	  Nonverbal	  Behavior,	  
6(3),	  148-­‐162,	  Springer	  Netherlands.	  
Marshall,	  P.	  (2007).	  Tangible	  and	  Embedded	  Interaction.	  Proceedings	  of	  the	  1st	  
international	  conference	  on	  Tangible	  and	  embedded	  interaction,	  ACM,	  163-­‐
170.	  
Maryanski,	  A.	  (1997).	  Primate	  Communication	  and	  the	  Ecology	  of	  a	  Language	  Niche.	  
In	  U.	  Segerstråle,	  P.	  Molnár,	  	  N.J.	  Mahwah	  (Eds.),	  Nonverbal	  
Communication:	  where	  Nature	  meets	  Culture.	  Hillsdale,	  NJ:	  Lawrence	  
Erlbaum.	  
Massie,	  T.H.	  &	  Salisbury,	  J.K.	  (1994).	  The	  PHANTOM	  Haptic	  Interface:	  A	  Device	  for	  
Probing	  Virtual	  Objects.	  In	  Proceedings	  of	  the	  ASME	  Winter	  Annual	  Meeting,	  
Symposium	  on	  Haptic	  Interfaces	  for	  Virtual	  Environment	  and	  Teleoperator	  
Systems.	  
Masters,	  W.H.,	  Johnson,	  V.E.	  (1974).	  The	  Pleasure	  Bond.	  Toronto;	  New	  York:	  Bantam	  
Books.	  
MATRIX	  (2002).	  Retrieved	  09/07/2008	  from	  the	  MIT	  site	  
http://xenia.media.mit.edu/%7Edano/matrix/	  
McCorkle,	  R.,	  &	  Hollenbach,	  M.	  (1989).	  Touch	  and	  the	  Acutely	  Ill.	  In	  K.E.	  Barnard	  &	  T.	  
Berry	  Brazelton	  (Eds.),	  Touch	  -­‐	  The	  Foundation	  of	  Experience.	  Madison,	  CT:	  
International	  Universities	  Press.	  	  
McRobert,	  L.	  (2007).	  Char	  Davies'	  Immersive	  Virtual	  Art	  and	  the	  Essence	  of	  Spatiality.	  
Toronto:	  University	  of	  Toronto	  Press.	  




MEDIATE	  (2004).	  Final	  Report.	  Retrieved	  10/06/2011	  from	  
http://www.port.ac.uk/research/mediate/deliverables/files/filetodownload
,24165,en.pdf	  
Merleau-­‐Ponty,	  M	  (2002).	  The	  Phenomenology	  of	  Perception.	  London:	  Routledge	  
(Original	  work	  published	  1962)	  	  
Montagu,	  A.	  (1971).	  Touching:	  The	  Human	  Significance	  of	  The	  Skin.	  Columbia	  
University	  Press.	  
Montessori,	  M.	  (1988).	  The	  Montessori	  Method.	  New	  York:	  Schocken	  Books.	  
(Original	  work	  published	  in	  1912)	  
Moran,	  D.	  (2000).	  Introduction	  to	  Phenomenology.	  London:	  Routledge.	  
Morris,	  D.	  (1971).	  Intimate	  Behaviour.	  New	  York:	  Random	  House.	  
Mosey,	  A.C.	  (1985).	  Psychosocial	  Components	  of	  Occupational	  Therapy.	  New	  York:	  
Raven	  Press.	  
Mossio,	  M.	  &	  Taraborelli,	  D.	  (2008).	  Action-­‐dependent	  Perceptual	  Invariants:	  From	  
Ecological	  to	  Sensorimotor	  Approaches.	  Consciousness	  and	  Cognition,	  17,	  
1324-­‐1340.	  
Motluk,A.	  (2001).	  Infinite	  Sensation.	  New	  Scientist,	  No	  2303,	  retrieved	  14/08/09	  
http://www.newscientist.com/article/mg17123033.600-­‐infinite-­‐
sensation.html	  
Motluk,	  A.	  (2005).	  Senses	  Special:	  The	  Art	  of	  Seeing	  without	  Sight.	  New	  Scientist.	  No	  
2484,	  retrieved	  14/08/09	  
http://www.newscientist.com/article/mg18524841.700-­‐senses-­‐special-­‐the-­‐
art-­‐of-­‐seeing-­‐without-­‐sight.html	  
Naimark,	  M.	  (1997).	  What's	  Wrong	  with	  this	  Picture?	  Presence	  and	  Abstraction	  in	  
the	  Age	  of	  Cyberspace.	  Consciousness	  Reframed:	  Art	  and	  Consciousness	  in	  
the	  Post-­‐biological	  Era,	  Newport,	  Wales:	  University	  of	  Wales.	  
Newland,	  P.M.,	  Geesin,	  R.,	  (1997).	  A	  Web	  of	  Senses	  in	  an	  Autistic	  Universe.	  
Proceedings	  of	  the	  First	  International	  CAiiA	  Research	  Conference	  on	  
Consciousness	  Reframed,	  Newport,	  Wales:	  University	  of	  Wales.	  
Newland,	  P.M.,	  Creed,	  C.	  (2003).	  MEDIATE:	  Steps	  Towards	  a	  Self-­‐	  	  
Organising	  Interface.	  Proceedings	  of	  the	  First	  International	  CAiiA	  Research	  




Norman,	  D.	  (1988).	  The	  Design	  of	  Everyday	  Things.	  New	  York:	  Basic	  Books.	  
Nöe,	  A.	  (2004).	  Action	  in	  Perception.	  Cambrigde,	  MA:	  MIT	  Press	  
Nöth,	  W.	  (1990).	  Handbook	  of	  Semiotics.	  Bloomington:	  Indiana	  University	  Press	  
Oakley,	  I.	  and	  O'Modhrain,	  S.	  (2002).	  Contact	  IM:	  Exploring	  Asynchronous	  Touch	  
over	  Distance.	  In	  Proceedings	  of	  CSCW,	  New	  Orleans.	  
O'Modhrain,	  S.,	  Oakley,	  I.	  (2004).	  Adding	  Interactivity:	  Active	  Touch	  in	  Broadcast	  
Media.	  Proceedings	  of	  the	  12th	  Symposium	  on	  Haptic	  Interfaces	  for	  Virtual	  
Environments	  and	  Teleoperator	  Systems,	  Chicago,	  293-­‐294.	  
Onol,	  I.	  (2006).Tactual	  Explorations	  (2006).	  Retrieved	  19/09/07	  from	  	  
http://www.tactual.org.uk/	  
Onol,	  I.	  (2007).	  Project:	  Various	  Design	  Assignments.	  Retrieved	  19/09/07	  from	  
http://www.artepyx.co.uk/isilonol_sampleworks_LowRes.pdf	  
Opus	  8	  (2008).	  Retrieved	  09/07/2008	  from	  the	  blog	  watchismo	  	  
http://watchismo.blogspot.com/2008/04/mechanical-­‐digital-­‐of-­‐opus-­‐8-­‐by-­‐
harry.html	  
Osgood,	  C.E.,	  Suci,	  G.J.	  (1955).	  Factor	  Analysis	  of	  Meaning.	  Journal	  for	  Experimental	  
Psychology,	  50(5),	  325-­‐38.	  	  
Osgood,	  C.,	  Suci,	  G.,	  Tannenbaum,	  P.	  (1967).	  The	  Nature	  and	  Measurement	  of	  
Meaning.	  Champaign,	  IL:	  University	  of	  Illinois	  Press.	  	  
Oviatt,	  S.	  (1999).	  Ten	  Myths	  of	  Multimodal	  Interaction.	  Communications	  of	  the	  ACM,	  
42(11),	  74-­‐81.	  
Pacitti,	  D.	  (1998).	  Signs	  of	  the	  Times.	  (March	  24).	  The	  Guardian,	  London,	  UK.	  
Paine,	  G.	  (2004).	  Gesture	  and	  Musical	  Interaction:	  Interactive	  Engagment	  through	  
Dynamic	  Morphology.	  Proceedings	  of	  the	  2004	  conference	  on	  New	  
interfaces	  for	  musical	  expression,	  80-­‐86.	  	  
Paine,	  G.	  (2007).	  Sonic	  Immersion:	  Interactive	  Engagement	  in	  Real-­‐Time	  Immersive	  
Environments.	  SCAN	  journal	  of	  media	  arts	  culture,	  e-­‐Performance:	  Post-­‐
disciplinary	  contexts	  and	  theorisation,	  4.	  Retrieved	  07/07/2009,	  from	  
http://www.scan.net.au/scan/journal/display.php?journal_id=90	  
Panëels,	  S.,	  Roberts,	  J.	  C.	  (2009).	  Review	  of	  Designs	  for	  Haptic	  Data	  Visualization.	  




Parés,	  N.	  Parés,	  R	  (2001).	  Interaction-­‐Driven	  Virtual	  Reality	  Application	  Design	  (A	  
Particular	  Case:	  El	  Ball	  del	  Fanalet	  or	  Lightpools).	  Presence,	  10	  (2),	  236-­‐245.	  
Parés,	  N.,	  Carreras,	  A.,	  Soler,	  M.	  (2005a).	  Non-­‐invasive	  Attitude	  Detection	  for	  Full-­‐
body	  Interaction	  in	  MEDIATE,	  a	  Multisensory	  Interactive	  Environment	  for	  
Children	  with	  Autism.	  Proc.	  Vision,	  Modeling,	  and	  Visualization	  Conf	  (VMV	  
’04),	  37-­‐46.	  
Parés,	  N.,	  Masri,	  P.,	  Wolferen,	  G.,	  Creed,	  C.	  (2005b).	  Achieving	  Dialogue	  with	  
Children	  with	  Severe	  Autism	  in	  an	  Adaptive	  Multisensory	  Interaction:	  The	  
“MEDIATE”	  Project.	  IEEE	  Transactions	  on	  Visualizations	  and	  Computer	  
Graphics,	  11(6),	  734-­‐742.	  
Parés,	  N.,	  Carreras,	  A.,	  Durany,	  J.,	  Ferrer,	  J.,	  Freixa,	  P.,	  Gómez,	  D.,	  Kruglanski,	  O.,	  
Parés,	  R.,	  Ribas,	  I.,	  Soler,	  M.,	  Sanjurjo,	  A.	  (2005c).	  Promotion	  of	  Creative	  
Activity	  in	  Children	  with	  Severe	  Autism	  through	  Visuals	  in	  an	  Interactive	  
Multisensory	  Environment.	  Proceedings	  of	  Interaction	  design	  and	  children	  
(2005),	  110-­‐116.	  
Pascual-­‐Leone,	  A.,	  Hamilton,	  R.	  (2001).	  The	  Metamodal	  Organization	  of	  the	  Brain.	  
Progress	  in	  Brain	  Research,	  134,	  427-­‐45.	  
Paterson,	  M.W.	  (2005).	  Digital	  Touch.	  In	  C.	  Classen	  (Ed.),	  The	  Book	  of	  Touch	  (pp.	  431-­‐
436),	  Oxford:	  Berg.	  
Paterson,	  M.	  W.	  (2007).	  The	  Senses	  of	  Touch:	  Haptics,	  Affects	  and	  Technologies.	  
Oxford:	  Berg.	  
Paulos,	  E.	  (2003).	  Connexus:	  a	  Communal	  Interface.	  In	  Proceedings	  of	  the	  2003	  
Conference	  on	  Designing	  For	  User	  Experiences,	  DUX	  '03,	  ACM,	  1-­‐4.	  
Pavani,	  F.,	  Spence,	  C.,	  Driver,	  J.	  (2000).	  Visual	  Capture	  of	  Touch:	  Out-­‐of-­‐the-­‐Body	  
Experiences	  With	  Rubber	  Gloves.	  Psychological	  Science,	  11(5),	  353-­‐359.	  
Pearce,	  C.M.,	  Martin,	  G.,	  Wood,	  K.	  (1995).	  Significance	  of	  Touch	  for	  Perceptions	  of	  
Parenting	  and	  Psychological	  Adjustment	  among	  Adolescents.	  Journal	  of	  the	  
American	  Academy	  of	  Child	  &	  Adolescent	  Psychiatry,	  34(2),160-­‐167.	  
Petruschat,	  J.	  (2000).	  Some	  Remarks	  on	  Drawing.	  In	  Petruschat,	  J.	  (Ed.),	  Form	  +	  
Zweck:	  How	  To	  Handle	  Hands?,	  Vol	  18,	  Berlin:	  Form	  +	  Zweck.	  
Phone	  Not	  Phone	  (2007).	  Retrieved	  08/07/07	  from	  the	  site	  IDM	  University	  of	  
Dundee	  at	  http://www.idl.dundee.ac.uk/phonenotphone/index.php	  
	  
	  259	  
Picard,	  R.	  (1997).	  Affective	  Intelligence	  -­‐	  the	  Missing	  Link?.	  BT	  Technology	  Journal,	  
15(4),	  151-­‐162,	  Springer	  Netherlands.	  
Pillo’mate	  (2002).	  MA	  Students	  at	  the	  IT-­‐University	  in	  Gothenburg.	  Retrieved	  
08/06/08	  from	  the	  site	  Chalmers	  University	  of	  Gothenburg	  at	  
http://www.cs.chalmers.se/idc/ituniv/student/2002/ubicomp/grupp2/inde
x.htm	  
PinClock	  (2006).	  Retrieved	  09/07/2008	  from	  the	  video	  database	  YouTube	  
	   http://www.youtube.com/watch?v=OQkwgxd97Y8	  
Plato	  (1937).	  Timaeus	  –	  In	  The	  Dialogues	  of	  Plato.	  New	  York:	  Random	  House.	  	  
Playle,	  J.	  (2000).	  Qualitative	  Approaches	  to	  Research.	  Journal	  of	  Community	  Nursing,	  
14(9),	  PTM.	  
Powell,	  J.	  (2000).	  Communication	  Interventions	  in	  Dementia,	  Reviews	  in	  Clinical	  
Gerontology,	  10,	  161–168.	  
Pureform	  (2003).	  Publications	  &	  Events.	  Retrieved	  19/09/07	  from	  
http://www.pureform.org/pubblicationEvents.htm	  
Ramachandran,	  V.S.,	  Hubbard,	  E.M.	  (2001).	  Synaesthesia:	  A	  Window	  into	  Perception,	  
Thought	  and	  Language.	  Journal	  of	  Consciousness	  Studies,	  8	  (12),	  3-­‐34.	  
Ramachandran,	  V.S.	  (2003).	  Purple	  Numbers	  and	  Sharp	  Cheese.	  Reith	  Lectures	  on	  
The	  Emerging	  Mind.	  Retrieved	  18/05/2009	  from	  BBC	  Radio	  4	  website	  
http://www.bbc.co.uk/radio4/reith2003/lecture4.shtml	  
Raffle,	  H.,	  J.	  Tichenor,	  M.	  Joachim,	  (2003).	  SuperCilia	  Skin,	  an	  Interactive	  Membrane.	  
Extended	  Proceedings	  on	  Human	  Factors	  in	  Computing	  Systems	  03,	  New	  
York:	  ACM	  press,	  529-­‐30.	  
Raymaekers,	  C.	  (2009).	  Special	  Issue	  on	  Enactive	  Interfaces,	  Interacting	  with	  
Computers.	  21	  (1-­‐2),	  1-­‐2.	  
Reed,	  C.	  M.,	  Rabinowitz,	  W.M.,	  Durlach,	  N.I.,	  Braida,	  L.D.,	  Conway-­‐Fithian,	  S.	  and	  
Schultz,	  M.C.	  (1985).	  Research	  on	  the	  Tadoma	  Method	  of	  Speech	  
Communication.	  The	  Journal	  of	  the	  Acoustic	  Society	  of	  America,	  77,	  247-­‐57.	  
Reed,	  E.	  S.	  (1995).	  The	  Ecological	  Approach	  to	  Language	  Development:	  A	  Radical	  




Roberts,	  J.C.,	  Franklin,	  K.	  (2005).	  Haptic	  Glyphs	  (Hlyphs)	  -­‐	  Structured	  Haptic	  Objects	  
for	  Haptic	  Visualization.	  In	  Proceedings	  of	  Worldhaptics	  05,	  Pisa.	  
Robertson,	  K.	  (1993).	  On	  White	  Space:	  When	  Less	  is	  More.	  Émigré,	  No.	  26,	  26-­‐28.	  
Rogers,	  Y.,	  Price,	  S.,	  Fitzpatrick,	  G.,	  Fleck,	  R.,	  Harris,	  E.,	  Smith,	  H.,	  Randell,	  C.,	  Muller,	  
H.,	  O'Malley,	  C.,	  Stanton,	  D.,	  Thompson,	  M.,	  Weal,	  M.	  (2004).	  Ambient	  
Wood:	  Designing	  New	  Forms	  of	  Digital	  Augmentation	  for	  Learning	  
Outdoors.	  In	  Proceedings	  of	  the	  2004	  Conference	  on	  interaction	  Design	  and	  
Children:	  Building	  A	  Community	  IDC	  '04,	  ACM,	  3-­‐10.	  	  
Rokeby,	  D.	  (2000).	  Very	  Nervous	  System.	  Retrieved	  5/08/2007	  from	  David	  Rokeby’s	  
site	  http://homepage.mac.com/davidrokeby/vns.html	  
Rostler,	  S.	  (2002).	  Nerves	  Deliver	  Emotional	  Message	  of	  Touch,	  Reuters	  Health,	  New	  
York.	  	  
Rovers,	  A.F.,	  Van	  Essen,	  H.	  A.	  (2005).	  FootIO;	  Design	  and	  Evaluation	  of	  a	  Device	  to	  
Enable	  Foot	  Interaction	  over	  a	  Computer	  Network.	  In	  Proceedings	  of	  First	  
Joint	  Eurohaptics	  Conference	  and	  Symposium	  on	  Haptic	  Interfaces	  for	  Virtual	  
Environment	  and	  Teleoperator	  Systems	  (WHC'05),	  521-­‐522.	  
Rubidge,	  S.	  MacDonald,	  A.	  (2004)	  Sensuous	  Geographies:	  A	  Multi-­‐User	  
Interactive/Responsive	  Installation.	  Digital	  Creativity,	  15	  (4),	  245-­‐252.	  
Rutter,	  D.	  (2001).	  Review	  of	  Logitech	  iFeel	  Mouses.	  Retrieved	  08/06/08	  from	  Daniel	  
Rutter’s	  site	  http://www.dansdata.com/ifeel.htm	  
Sacks,	  O.	  (1995).	  An	  Anthropologist	  on	  Mars.	  New	  York:	  Vintage	  Books.	  
Sallnäs,	  E.,	  Rassmus-­‐Gröhn,	  K.	  &	  Sjöström,	  C.	  (2000).	  Supporting	  Presence	  in	  
Collaborative	  Environments	  by	  Haptic	  Force	  Feedback.	  ACM	  Trans.	  Comput.-­‐
Hum.	  Interact.	  7(4),	  461-­‐476.	  
Sanchez-­‐Vives,	  M.	  V.	  &	  Slater,	  M.	  (2005).	  From	  Presence	  to	  Consciousness	  through	  
Virtual	  Reality.	  Nature	  Reviews	  Neuroscience,	  6,	  332-­‐339.	  
Sartre,	  J.	  P.	  (1956).	  On	  Being	  and	  Nothingness.	  New	  York:	  Washington	  Square	  Press.	  	  
Schaaf,	  R.C.,	  Miller,	  L.J.	  (2005).	  Occupational	  Therapy	  using	  a	  Sensory	  Integrative	  
Approach	  for	  Children	  with	  Developmental	  Disabilities.	  Ment	  Retard	  Dev	  
Disabil	  Res	  Rev,	  11(2),	  143–8.	  
Seitz,	  J.A.	  (2000).	  The	  Bodily	  Basis	  of	  Thought.	  New	  Ideas	  in	  Psychology.	  18(1),	  23-­‐40.	  
	  
	  261	  
Seitz,	  J.A.	  (2005).	  The	  Neural,	  Evolutionary,	  Developmental,	  and	  Bodily	  Basis	  of	  
Metaphor.	  New	  Ideas	  in	  Psychology,	  23(2),	  74-­‐95.	  
Sekuler,	  R.;	  Sekuler,	  A.	  B.;	  Lau,	  R.	  (1997).	  Sound	  Alters	  Visual	  Motion	  Perception.	  
Science,	  385(6614),	  308.	  	  
Shakar,	  G.	  (2007).	  Copper	  Urchin.	  Retrieved	  08/06/08	  from	  Gregory	  Shakar’s	  site	  
Moodvector	  at	  http://www.moodvector.com/copper_urchin/	  
Shoener,	  R.	  F.,	  Kinnealey	  M.,	  Koenig	  K.P.	  (2008).	  You	  can	  Know	  Me	  Now	  If	  You	  Listen:	  
Sensory,	  Motor,	  and	  Communication	  Issues	  in	  a	  Nonverbal	  Person	  with	  
Autism.	  American	  Journal	  of	  Occupational	  Therapy,	  Vol	  62	  (5),	  547-­‐553.	  	  	  	  	  
Slater,	  M.,	  Steed,	  A.,	  McCarth,	  J.	  &	  Maringelli,	  F.	  (1998).	  The	  Influence	  of	  Body	  
Movement	  on	  Subjective	  Presence	  in	  Virtual	  Environments.	  Human	  Factors,	  
40(3),	  469-­‐477.	  
Slater,	  M.,	  Perez-­‐Marcos,	  D.,	  Ehrsson,	  H.,	  Sanchez-­‐Vives,	  M.V.	  (2009).	  Inducing	  
Illusory	  Ownership	  of	  a	  Virtual	  Body.	  Neuroscience,	  3(2),	  214-­‐220.	  
Slevin,	  E.,	  Mcclelland,	  A.	  (1999).	  Multisensory	  Environments:	  Are	  they	  Therapeutic?	  
A	  Single-­‐Subject	  Evaluation	  of	  the	  Clinical	  Effectiveness	  of	  a	  Multisensory	  
Environment.	  Journal	  of	  Clinical	  Nursing,	  8(1),	  48-­‐56.	  
Snider,	  J.,	  Osgood,	  C.	  (1969).	  Introduction,	  Semantic	  Differential	  Technique	  -­‐	  A	  
Sourcebook.	  Chicago,	  IL:	  Aldine	  Publishing.	  
Stelarc	  (1991).	  Prosthetics,	  Robotics	  and	  Remote	  Existence:	  	  Postevolutionary	  
Strategies.	  Leonardo,	  24	  (5).	  	  
Stenslie,	  S.	  (1994).	  Inter_Skin	  Project.	  Retrieved	  08/06/08	  from	  Stahl	  Stenslie’s	  site	  at	  
http://www.stenslie.net/stahl/	  
Stenslie,	  S.	  (2001).	  Erotogod.	  Retrieved	  09/06/08	  from	  the	  V2	  Archive	  Portal	  
http://framework.v2.nl/archive/archive/leaf/other/.xslt/nodenr-­‐147439	  
Stenslie,	  S.	  (2009).	  Immersive	  Virtual	  Environments	  and	  Multisensory	  Interfaces:	  The	  
Erotogod	  Experiment.	  The	  Senses	  and	  Society,	  4	  (2),	  227-­‐237.	  
Stephenson,	  R.,	  Phelps,	  G.	  (1989).	  The	  Cinema	  as	  Art.	  London:	  Penguin.	  
Strickland,	  D.	  (1997).	  Virtual	  Reality	  for	  the	  Treatment	  of	  Autism.	  In	  G.	  Riva	  (Ed.)	  
Virtual	  reality	  in	  neuro-­‐psycho-­‐physiology	  :	  cognitive,	  clinical	  and	  




Summerhayes	  D.	  L.,	  Suchner	  R.W.	  (1978).	  Power	  Implications	  of	  Touch	  in	  Male	  
Female	  Relationships.	  Sex	  Roles,	  4,	  493–503.	  	  
Sunesson,	  L.	  (2003).	  Primal	  Interfaces.	  MA	  thesis,	  IVREA	  Interaction	  Design	  Institute.	  
IVREA	  site	  is	  defunct,	  a	  write	  up	  of	  the	  project	  retrieved	  09/08/08	  at	  
http://www.tallponies.net/livia/p_primalinterfaces.html	  	  
SurgeryDar	  (2009).	  DataGolem.	  Retreived	  12/12/09	  from	  
http://surgerydar.co.uk/index.php?project=datagolem-­‐lab).	  
Talking	  to	  the	  Hand	  (2006).	  Retrieved	  09/07/2008	  from	  Regine’s	  blog	  we-­‐make-­‐
money-­‐not-­‐art	  http://www.we-­‐make-­‐money-­‐not-­‐
art.com/archives/2006/07/talking-­‐to-­‐the.php	  	  
Tan,	  H.	  Z.,	  Durlach,	  N.I.,	  Reed,	  C.M.,	  &	  Rabinowitz,	  W.	  M.	  (1999).	  Information	  
Transmission	  with	  a	  Multifinger	  Tactual	  Display,	  Perception	  &	  Psychophysics,	  
61	  6),	  993-­‐1008.	  	  
Tan,	  H.	  Z.,	  Lu,	  I.	  &	  Pentland,	  A.	  (1997).	  The	  Chair	  as	  a	  Novel	  Haptic	  User	  Interface.	  In	  
Proceedings	  of	  the	  Workshop	  on	  Perceptual	  User	  Interfaces,	  56-­‐57.	  	  
Timmermans,	  H.,	  Van	  Wolferen,	  G.,	  Newland,	  P.,	  Kunath,	  S.	  (2004).	  MEDIATE:	  Key	  
Sonic	  Developments	  in	  an	  Interactive	  Installation	  for	  Children	  with	  Autism.	  
Proc.	  Int'l	  Computer	  Music	  Conf.	  
Tollmar,	  K.,	  Junestrand,	  S.,	  Torgny,	  O.	  (2000).	  Virtually	  Living	  Together	  -­‐	  Using	  
Multiple-­‐method	  Designing	  in	  the	  Search	  for	  Telematic	  Emotion.	  In	  
Proceedings	  of	  Designing	  Interactive	  Systems,	  New	  York:	  ACM	  Press,	  83-­‐91.	  
Tollmar,	  K.,	  Persson,	  J.	  (2002).	  Understanding	  Remote	  Presence.	  Proceedings	  of	  the	  
second	  Nordic	  conference	  on	  Human-­‐computer	  Interaction,	  31,	  41-­‐50.	  
Tomchek,	  S.D.,	  Dunn,	  W.	  (2007).	  Sensory	  Processing	  in	  Children	  With	  and	  Without	  
Autism:	  A	  Comparative	  Study	  using	  the	  Short	  Sensory	  Profile.	  American	  
Journal	  of	  Occupational	  Therapy,	  61(2),	  190-­‐200.	  	  
Turner,	  J.H	  (1997).	  Evolution	  of	  Emotions.	  In	  U.	  Segerstråle,	  P.	  Molnár,	  N.J.	  Mahwah	  
(Eds.)	  Nonverbal	  Communication:	  where	  Nature	  meets	  Culture,	  Hillside,	  NJ:	  
Lawrence	  Erlbaum.	  
Ulbricht,	  A	  (1988).	  Das	  Menschliche	  Mass	  -­‐	  Die	  Hand.	  In	  Petruschat,	  J.	  (Ed.),	  Form	  +	  
Zweck,	  Vol	  18,	  Berlin:	  Form	  +	  Zweck.	  
	  
	  263	  
Van	  Deun,	  K.,	  Delbeke,	  L.	  (2000).	  Multidimensional	  Scaling.	  Retrieved	  31/07/2008	  
from	  the	  site	  University	  of	  Bonn	  http://www.mathpsyc.uni-­‐
bonn.de/doc/delbeke/delbeke.htm	  	  
Van	  Erp,	  J.B.F.	  (2005).	  Presenting	  Directions	  With	  a	  Vibro-­‐Tactile	  Torso	  Display.	  
Ergonomics,	  48,	  302-­‐313.	  
Van	  Erp,	  J.B.F.,	  Spapé,	  M.M.A.	  (2003a).	  Distilling	  the	  Underlying	  Dimensions	  of	  
Tactile	  Melodies.	  In	  Proceedings	  of	  EuroHaptics	  03,	  Dublin.	  
Van	  Erp,	  J.	  B.	  F.,	  Van	  Veen,	  H.A.H.C.	  (2003b).	  A	  Multi-­‐Purpose	  Tactile	  Vest	  for	  
Astronauts	  in	  the	  International	  Space	  Station.	  Proceedings	  of	  Eurohaptics	  
2003,	  405-­‐408.	  
Vickers,	  A.,	  Ohlsson,	  A.,	  Lacy,	  J.B.,	  Horsley,	  A.	  (2004).	  Massage	  for	  Promoting	  Growth	  
and	  Development	  of	  Preterm	  and/or	  Low	  Birth-­‐Weight	  Infants.	  Cochrane	  
Database	  of	  Systematic	  Reviews,	  Issue	  1.	  
Von	  Dorrien,	  C.,	  Ernevi,	  A.,	  Eriksson,	  D.,	  Jaksetic,	  P.,	  Worbin,	  L.,	  Redström,	  J.,	  
Redström,	  M.,	  Wistrand,	  E.	  (2004).	  Interactive	  Pillows.	  Retrieved	  08/06/08	  
from	  the	  site	  Interactive	  Institute	  Design	  Goeteborg	  at	  
http://www.tii.se/reform/projects/itextile/pillow.html	  
Vredenburg,	  K.,	  Mao,	  J.,	  Smith,	  P.W.,	  Carey,	  T.	  (2002).	  A	  Survey	  of	  User-­‐Centered	  
Design	  Practice.	  In	  Proceedings	  of	  SIGCHI	  Human	  factors	  in	  computing	  
systems:	  Changing	  our	  world,	  changing	  ourselves.	  Minneapolis:	  ACM,	  471-­‐
478.	  
Wagner,	  C.	  R.,	  Lederman,	  S.	  L.,	  and	  Howe,	  R.	  D.	  (2004).	  Design	  and	  Performance	  of	  a	  
Tactile	  Shape	  Display	  using	  RC	  Servomotors.	  Haptics-­‐e,	  3,	  4.	  
Warren,	  H.C.	  (Ed.)	  (1934).	  Dictionary	  of	  Psychology.	  Houghton	  Mifflin,	  New	  York.	  
Weber,	  R.	  (1990).	  A	  Philosophical	  Perspective	  on	  Touch.	  In	  K.E.	  Barnard	  &	  T.	  Berry	  
Brazelton	  (Eds.),	  Touch	  -­‐	  The	  Foundation	  of	  Experience,	  Madison,	  CT;	  
International	  Universities	  Press.	  	  
Weinberg,	  G.,	  Aimi,	  R.,	  &	  Jennings,	  K.	  (2002).	  The	  Beatbug	  Network:	  a	  Rhythmic	  
System	  for	  Interdependent	  Group	  Collaboration.	  In	  Proceedings	  of	  the	  2002	  
Conference	  on	  New	  interfaces	  For	  Musical	  Expression,	  Dublin,	  1-­‐6.	  
Weinreich,	  U.	  (1969).	  Review	  of	  Measurement	  of	  Meaning.	  In	  Snider	  &	  Osgood,	  
Semantic	  Differential	  Technique:	  A	  Source	  Book.	  
	  
	  264	  
Weisenberger	  J.M.	  &	  Percy,	  M.E.	  (1994).	  Use	  of	  the	  Tactaid	  II.	  and	  Tactaid	  VII	  with	  
Children.	  The	  Volta	  Review,	  96(5),	  41-­‐57.	  
Wilson,	  F.R.	  (2001).	  What	  is	  the	  Purpose	  of	  a	  Piano?	  In	  J.	  Petruschat	  (Ed.),	  Form	  +	  
Zweck,	  Vol	  18,	  Berlin:	  Form	  +	  Zweck.	  
Williams,	  R.,	  Gumtau,	  S.,	  Karousou,	  R.	  (2008).	  Making	  Narrative	  and	  Visual	  Sense	  of	  
Learning.	  Making	  Connections	  Conference,	  London.	  
Williams,	  R.,	  Gumtau,	  S.,	  Karousou,	  R.	  (2009).	  Affordances	  For	  Learning	  –	  Final	  
Report	  to	  HEA.	  Retrieved	  13/01/10	  from	  http://learning-­‐
affordances.wikispaces.com/Project+Report	  
Wizard	  of	  Rods	  (2007).	  Retrieved	  07/07/2008	  from	  the	  Wizard	  of	  Rods	  site	  	  
http://www.wizardofrods.com/construction.php	  	  
Wooden	  Mirror	  (1999).	  Retrieved	  09/07/2008	  from	  Daniel	  Rozin's	  site	  
http://www.smoothware.com/danny/	  	  
Wyschograd,	  E.	  (1981).	  Empathy	  and	  Sympathy	  as	  Tactile	  Encounter.	  Journal	  of	  
Philosophy,	  6,	  25-­‐43.	  	  
Zacks,	  R.	  (1999).	  Dances	  with	  Machines.	  Technology	  Review,	  102	  (33),	  58-­‐62.	  
Zahoric,	  P.,	  Jenison,	  Rl.L.	  (1998).	  Presence	  and	  Being-­‐In-­‐The-­‐World.	  Presence:	  
Teleoperators	  and	  Virtual	  Environrments,	  7(1),	  78-­‐89	  
	  
	  A-­‐1	  
Appendix	  A	   Social	  Situations	  where	  Touch	  is	  of	  Advantage	  
	  
In	  the	  early	  stages	  of	  research	  and	  brainstorming	  for	  this	  thesis,	  the	  following	  list	  
was	  created	  of	  social	  unmediated	  contact	  situations,	  where	  the	  touch	  channel	  would	  
be	  preferable	  for	  communication.	  This	  list	  was	  to	  serve	  as	  an	  initial	  porter	  for	  
understanding	  and	  justifying	  the	  investigation	  of	  the	  touch	  channel	  as	  a	  potential	  
benefit	  for	  computer	  mediated	  interaction.	  These	  could	  also	  be	  useful	  as	  interaction	  
scenarios	  for	  Haptic	  technology	  applications.	  
When	  speaking	  is	  not	  desired	  
 To	  place	  emphasis	  and	  focus	  on	  touch	  (to	  express	  love,	  sexual	  
encounter)	  
 When	  words	  cannot	  express	  enough,	  words	  would	  confuse	  or	  one	  
cannot	  find	  words	  (consoling,	  reassuring)	  
 When	  one	  or	  both	  communication	  partners	  has	  impairments	  or	  
special	  needs	  
When	  speaking	  is	  not	  allowed	  	  
 Socially:	  In	  a	  meeting,	  during	  a	  concert/lesson	  
 Survival:	  between	  enemy	  lines	  
 Put	  a	  finger	  on	  mouth	  to	  say	  ‘Be	  quiet’	  
 Hand	  on	  other	  person’s	  mouth	  	  
 Squeezing	  arm	  
 Tapping	  shoulder	  
When	  doubts	  need	  to	  be	  eliminated	  and/or	  understanding	  needs	  to	  be	  fostered	  




 Taking	  an	  object	  into	  own	  hands	  
 Pull	  a	  book	  closer	  
To	  show	  belonging	  and	  nature	  of	  relationship	  to	  each	  other	  and	  others	  
 Taking	  and	  holding	  hands;	  hugging	  and	  kissing;	  touching	  knee	  /bum	  
Touching	  different	  areas	  of	  the	  body	  shows	  the	  nature	  of	  the	  relationship	  depending	  
on	  the	  culture	  you	  are	  from.	  In	  some	  cultures	  it	  is	  normal	  for	  men	  to	  hold	  hands	  
while	  having	  a	  conversation	  and	  it	  is	  usually	  considered	  inappropriate	  to	  touch	  
women’s	  breasts	  in	  public	  in	  western	  culture.	  
 Blessing	  and	  christening,	  kissing	  relics	  	  
Grooming	  and	  well-­‐being	  
Grooming	  is	  important	  in	  today's	  society	  to	  comply	  with	  the	  image	  of	  'looking	  good',	  
but	  it	  also	  stems	  from	  a	  need	  to	  be	  caressed	  and	  looked	  after.	  
 Getting	  hair	  washed	  at	  hairdressers	  –	  most	  people	  find	  pleasurable	  
 Massage	  and	  holistic	  therapies	  (Reiki)	  
Guiding	  and	  directing	  
 When	  a	  person	  is	  not	  able	  or	  reluctant	  to	  see	  
 When	  a	  person	  is	  trying	  to	  exert	  control	  
Re-­‐present	  aliveness	  
 Check	  for	  signs	  of	  living	  –	  warmth,	  breath	  
 Perceiving	  temperature,	  muscle	  tension	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Appendix	  B	   	  Sensory	  Architecture	  and	  Evolutionary	  Hierarchies	  
What	  are	  the	  distinct	  capabilities	  of	  the	  different	  senses	  when	  it	  comes	  to	  
communication?	  Where	  do	  they	  overlap,	  where	  do	  they	  support	  each	  other?	  
Looking	  at	  each	  of	  the	  sense’s	  unique	  capacities,	  we	  can	  determine	  how	  they	  are	  
best	  utilized	  in	  interaction	  design.	  Following	  is	  an	  attempt	  at	  taxonomy	  of	  the	  
communicative	  potential	  of	  four	  senses	  (vision,	  hearing,	  touch	  and	  smell),	  using	  
Maryanski's	  comparative	  framework	  of	  sensory	  architecture	  and	  communication	  
channels	  of	  present-­‐day	  primates	  (Maryanski,	  1997):	  
Broadcast	  Transmission	  	  
Is	  the	  communication	  channel	  used	  for	  long	  distance,	  short	  distance,	  or	  is	  it	  primarily	  
a	  physical	  contact	  transmitter?	  
7 Visual	  can	  broadcast	  over	  short	  &	  long	  distance,	  but	  eyes	  must	  be	  ‘pointed’	  
8 Touch:	  physical	  contact	  transmitter	  
9 Audio:	  short	  &	  long,	  very	  long	  distance	  –	  utilizing	  peripheral	  perception	  
(360º	  range)	  
10 Smell:	  short	  and	  fairly	  long	  distance	  –	  utilizing	  peripheral	  perception	  
	  
Rapid	  Fading	  or	  Lingering	  
Is	  the	  communication	  channel	  able	  to	  bridge	  temporal	  gaps	  or	  is	  it	  restricted	  to	  rapid	  
decay?	  
 Visual:	  pretty	  constant,	  unless	  obstructed	  
 Touch:	  lasts	  as	  long	  as	  applied,	  with	  a	  little	  lingering	  
 Audio:	  apart	  from	  Echo,	  it	  disappears	  rapidly	  
 Smell:	  lingering,	  even	  though	  some	  de-­‐sensitization	  can	  happen	  (getting	  used	  
to	  the	  smell)	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(Touch	  and	  smell	  are	  lingering	  but	  have	  to	  be	  refreshed	  because	  the	  body	  gets	  used	  
to	  them	  and	  then	  blocks	  that	  particular	  sensory	  information	  from	  being	  at	  the	  
forefront	  of	  the	  mind.	  Like	  putting	  on	  a	  heavy	  pullover	  –	  after	  a	  while	  of	  wearing	  it,	  
we	  forget	  about	  it	  feeling	  heavy	  on	  our	  body.)	  
	  
Accessibility	  
Is	  the	  communication	  channel	  highly	  sensitive	  to	  external	  influences	  (light,	  darkness,	  
noise,	  wind,	  water?)?	  
 Visual:	  sensitive	  to	  light	  and	  darkness,	  blurred	  vision	  by	  wind	  and	  water	  
 Touch:	  not	  sensitive	  to	  external	  influences	  (apart	  from	  extreme	  cold/heat)	  
 Audio:	  susceptible	  to	  noise,	  muffled	  by	  wind	  &	  water	  
 Smell:	  not	  sensitive	  to	  external	  influences	  (apart	  from	  lots	  of	  air	  movement)	  




Is	  the	  channel	  of	  communication	  of	  primary	  or	  secondary	  importance	  over	  other	  
modes?	  How	  is	  it	  best	  utilized?	  
 Visual:	  very	  important	  for	  discriminating	  &	  identifying	  objects,	  spatial	  
orientation	  
 Touch:	  important	  for	  non-­‐verbal	  communication	  
 Audio:	  important	  for	  warning	  from	  a	  distance	  
 Smell:	  very	  important	  for	  discriminating	  &	  identifying	  objects	  and	  people	  
(Note:	  in	  sex,	  vision	  &	  audio	  are	  secondary	  and	  affirmative,	  touch	  and	  smell	  more	  





Is	  the	  communication	  broad	  and	  sweeping	  (e.g.	  open	  to	  every	  possible	  receiver)	  or	  
selective	  (directed	  toward	  specific	  individuals)?	  
 Vision:	  it	  is	  open	  to	  everyone	  as	  long	  as	  they	  are	  looking	  and	  view	  is	  not	  
obstructed	  
 Touch:	  usually	  directed	  towards	  one,	  unless	  self-­‐touching	  
 Audio:	  can	  be	  both,	  unless	  whispering	  
 Smell:	  it	  is	  open	  to	  everyone	  as	  long	  as	  their	  sense	  of	  smell	  works	  and	  it	  is	  
not	  too	  windy	  
	  
Voluntary	  
(Is	  the	  communication	  channel	  under	  cortical	  control?	  That	  is,	  are	  responses	  
voluntary	  (e.g.	  purposeful,	  rational,	  and	  intentional),	  or	  are	  they	  largely	  emotionally	  
based	  responses	  (e.g.,	  a	  fight	  or	  flight	  reaction,	  sexual	  response,	  or	  aggression)?	  
 Vision:	  cortical	  control	  
 Touch:	  both	  
 Audio:	  cortical	  control	  
 Smell:	  more	  emotionally	  based	  
	   	  
	  
	  C-­‐6	  
Appendix	  C	   	  Review	  of	  Haptic	  Interface	  Projects	  
The	  following	  table	  provides	  a	  timeline	  of	  key	  explorations	  in	  touch	  based	  interfaces	  
-­‐	  these	  are	  case	  studies	  I	  will	  later	  select	  from	  to	  elaborate	  and	  demonstrate	  a	  model	  
of	  touch	  drivers/motivators	  that	  underpin	  the	  basis	  of	  each	  approach.	  
In	  the	  first	  part	  Haptic	  interfaces	  are	  introduced,	  which	  mainly	  use	  touch	  to	  augment	  
or	  substitute	  sensory	  information,	  or	  when	  touch	  in	  used	  merely	  for	  informative	  
purposes.	  Other	  criteria	  for	  selection	  here	  included	  the	  types	  of	  technologies	  -­‐	  I	  was	  
especially	  interested	  in	  ones	  that	  may	  be	  accessible	  to	  me,	  or	  that	  may	  inspire	  a	  
similar,	  more	  simple	  design.	  This	  includes	  vibrotactile,	  pin-­‐driven	  shape	  displays,	  but	  
also	  the	  ubiquitous	  force	  feedback	  device	  PHANToM.	  
In	  the	  second	  part,	  touch	  based	  interfaces	  are	  introduced,	  which	  use	  touch	  to	  
communicate	  with	  another	  person,	  or	  to	  display	  some	  kind	  of	  content/information	  
which	  does	  not	  have	  to	  be	  completely	  literal,	  reduced	  or	  functional,	  but	  could	  rather	  
include	  poetic,	  affective	  and	  narrative	  elements.	  
Haptic	  Interfaces	  for	  Physical-­‐Sensory	  Purposes	  
Project	  Details	   	   Function/Application	  
	  




Assistive	  device	  to	  help	  blind	  users	  
read.	  Transforms	  video	  image	  into	  








Assistive	  device	  to	  help	  deaf	  users	  
"hear"	  or	  understand	  sound	  -­‐	  
support	  them	  in	  the	  activity	  of	  
"tactiling",	  based	  on	  the	  Tadoma	  
method.	  Provides	  unique	  vibration	  
patterns	  of	  sound.	  
Fig	  134	   	  





Haptic	  device	  to	  explore	  virtual	  
objects	  and	  textures.	  Creates	  force-­‐
feedback	  and	  vibration.	  
Fig	  135	   
	  Psybench	  (Brave	  et	  al,	  1998)	  
Psybench	  
Hiroshi	  Ishii	  	  
1995	  
Tangible	  interface	  to	  enable	  
collaborative	  work	  by	  providing	  
graspable	  real	  objects.	  
Fig	  136	   	  
Tactuator	  (Tan	  et	  al,	  1999)	  
Tactuator	  
Hon	  Z.	  Tan	  
1996	  
Haptic	  interface	  developed	  as	  an	  
assistive	  device	  for	  the	  hearing	  
impaired,	  delivering	  stimuli	  to	  
several	  fingers	  at	  once.	  
Fig	  137	   	  	  




Haptic	  interface	  providing	  vibratory	  
feedback	  to	  the	  back	  and	  in	  the	  
seat.	  Applications	  can	  include	  
navigational	  cues	  and	  alert,	  for	  
example	  in	  flight	  training.	  
	  
	  C-­‐8	  
Fig	  138	   	  




Haptic	  Screen	  -­‐	  projecting	  live	  
motion	  on	  surface,	  movement	  
created	  by	  pistons.	  Enabling	  
continuous	  exploration	  of	  a	  virtual	  
object	  with	  the	  hands.	  
Fig	  139	   	  





Haptic	  device	  delivering	  vibratory	  
feedback	  to	  the	  hand	  to	  experience	  
screen	  elements	  like	  scroll	  bars,	  
windows	  etc.	  
Fig	  140	   






Haptic	  suit	  delivering	  a	  musical	  
composition	  through	  the	  tactile	  
channel	  via	  vibrotactile	  actuators.	  
Fig	  141	   




Sound	  toys	  that	  kids	  can	  use	  to	  
make	  music	  with	  little	  skill	  or	  
dexterity	  required.	  These	  are	  
networked	  rhythm	  instruments	  
that	  you	  shake	  and	  tap.	  
Fig	  142	   	  






One	  of	  a	  range	  of	  products	  
enabling	  the	  user's	  hand	  to	  interact	  
with	  virtual	  objects,	  in	  this	  case	  a	  
so	  called	  exoskeletal	  structure	  with	  




Fig	  143	   







A	  Haptic	  display	  delivering	  
evocative	  content	  -­‐	  based	  on	  the	  
metaphor	  of	  a	  wheat	  field,	  this	  
could	  visually	  change	  a	  texture.	  
"Kinaesthetic	  Information	  
Interface"	  
Haptic	  Interfaces	  for	  Psychological	  Communicative	  Purposes	  
Fig	  144	   	  







content	  over	  distance	  -­‐	  blow	  a	  
kiss	  to	  a	  distant	  loved	  one.	  
Blowing	  on	  the	  device	  will	  
generate	  a	  set	  of	  random	  LED	  
light	  sequences	  as	  a	  visual	  
representation	  of	  the	  
breathing.	  
Fig	  145	   	  




over	  distance,	  manifested	  
in	  pleasant	  physical	  
tangible	  devices.	  The	  user	  
moves	  the	  wooden	  
massage	  rollers	  and	  this	  
activates	  the	  corresponding	  
element	  on	  the	  remote	  
device.	  
Fig	  146	   	  





content	  via	  a	  Haptic	  display.	  
The	  possibility	  of	  gaining	  
information	  (i.e.	  about	  the	  
room)	  from	  an	  everyday	  
object	  from	  the	  feel	  of	  the	  
doorknob	  -­‐	  experimenting	  
with	  parameters	  of	  touch	  
mapped	  to	  content.	  
	  
	  C-­‐10	  
Fig	  147	   	  




Communicate	  over	  distance	  -­‐	  
physical	  manifestation	  
(tangible	  device)	  evoking	  a	  
sense	  of	  presence	  of	  a	  remote	  
conversation	  partner	  by	  
warming	  up	  when	  touched.	  
	  
Fig	  148	   Love	  Bomb	  (Hansson	  &	  Skog,	  2001)	  
Love	  Bomb	  







between	  strangers	  via	  a	  
button	  press	  mapped	  to	  
vibration,	  to	  enhance	  the	  
communal	  atmosphere.	  	  
Fig	  149	   	  




Weight	  and	  movement	  is	  
sensed	  in	  one	  chair	  and	  
mapped	  to	  sound	  and	  light	  
reactions	  in	  the	  
corresponding	  remote	  chair	  
to	  communicate	  care,	  
closeness	  and	  presence.	  
Fig	  150	   	  




remotely:	  Vibrotactile	  sleeve	  
fits	  over	  mobile	  phone	  
reacting	  to	  squeeze	  of	  hand	  -­‐	  
communicate	  intimacy	  over	  
distance.	  
Fig	  151	   	  






device	  allowing	  for	  nonverbal	  
cues	  to	  be	  transmitted	  
electronically	  -­‐	  grip	  shapes	  
representing	  emotional	  states	  




Fig	  152	   	  





A	  display	  device	  to	  
communicate	  digital	  content	  -­‐	  
in	  this	  case	  from	  an	  online	  
newsgroup,	  giving	  the	  user	  a	  
way	  to	  viscerally	  ascertain	  the	  
mood	  and	  feel	  of	  the	  group	  
entered	  -­‐	  mapping	  populous	  
groups	  to	  temperature,	  and	  
activity	  to	  vibration.	  
Fig	  153	   	  
Contact	  IM	  (Oakley	  &	  O'Modhrain,	  2002)	  
Contact	  IM	  
Ian	  Oakley	  &	  Sile	  
O'Modhrain	  
2002	  
The	  concept	  of	  a	  "Haptic	  
Instant	  Message"	  for	  richer	  
interpersonal	  communication	  
is	  explored	  by	  passing	  a	  virtual	  
ball	  to	  each	  other,	  via	  force-­‐
feedback	  interface.	  
Fig	  154	   	  
Faraway	  Project	  (Faraway	  Project,	  2003)	  
Faraway	  project	  
M.	  Jacobs,	  L.	  




Research	  project	  investigating	  
and	  designing	  for	  long	  
distance	  communication	  
between	  loved	  ones.	  	  
Fig	  155	   	  





Communicate	  touch	  over	  a	  
distance	  -­‐	  particularly	  for	  
staying	  in	  touch	  with	  elders.	  
Squeeze	  motion	  is	  converted	  




Fig	  156	   	  
Hug	  Shirt	  (Hug	  Shirt,	  2005)	  
The	  Hug	  Shirt	  
2005	  
Cutecircuit	  
Feel	  physical	  closeness	  of	  a	  
distant	  loved	  one,	  using	  the	  
metaphor	  of	  a	  hug.	  
Embedded	  sensors	  measure	  
heart	  rate	  and	  temperature	  
and	  map	  via	  mobile	  phone	  
network	  to	  a	  remote	  partner	  
receiving	  vibration	  and	  heat.	  
Fig	  157	   	  




A	  "communal	  interface",	  
designed	  to	  capture,	  transmit	  
and	  express	  human	  
expression	  and	  interaction	  
information	  through	  ambient	  
methods.	  	  
Fig	  158	   	  
Tic	  Tac	  Textiles	  (Ernevi	  et	  al,	  2005)	  





Piece	  of	  furniture	  with	  
interactive	  textile	  surface,	  
enabling	  a	  game	  of	  Tic	  Tac	  
Toe	  by	  placing	  a	  cup	  of	  coffee	  
or	  tea.	  It	  plays	  on	  the	  notion	  
of	  communication	  
technologies	  and	  speed.	  
Fig	  159	   	  





Supporting	  long	  distance	  
communication	  with	  subtle	  
cues.	  By	  interacting	  with	  the	  
pillow	  (leaning,	  touching,	  
hugging),	  the	  corresponding	  
pillow	  will	  react	  with	  textile	  
pattern	  changes.	  This	  is	  to	  
communicate	  a	  sense	  of	  
yearning	  and	  presence.	  
	  
	  C-­‐13	  
Fig	  160	   	  






A	  Haptic	  interactive	  display	  
to	  be	  used	  for	  personal	  
pleasure	  and	  reassurance	  in	  
the	  form	  of	  tactile	  
stimulation	  via	  heat,	  
vibration	  and	  sound.	  Based	  
on	  the	  metaphor	  of	  a	  cat.	  	  
	  
Fig	  161	   	  








A	  series	  of	  interactive	  
prototypes	  to	  support	  
intuitive	  interaction	  and	  
interpersonal	  communication,	  
without	  the	  need	  for	  digital	  
literacy.	  This	  tickler	  is	  a	  way	  of	  
alerting	  to	  a	  mobile	  phone	  call	  
via	  vibration	  to	  any	  part	  of	  the	  
body	  of	  the	  user's	  choice.	  	  
Fig	  162	   	  







Supporting	  communication	  in	  
a	  relationship	  -­‐	  worn	  as	  a	  scarf	  
or	  a	  blanket,	  it	  heats	  up	  when	  
the	  partner	  uses	  the	  remote	  
control.	  Based	  on	  the	  idea	  
that	  women	  like	  to	  be	  
warmed	  by	  their	  partners.	  
Fig	  163	   	  







Exploring	  the	  idea	  of	  using	  
pain-­‐inducing	  interactive	  
objects	  to	  support	  
interpersonal	  communication.	  	  
The	  operator	  of	  the	  Puncher	  
delivers	  a	  needle-­‐sting	  to	  the	  
wearer	  of	  the	  Pincher.	  The	  
aim	  is	  to	  give	  opportunity	  to	  
manifest	  physically	  rules	  laid	  
out	  in	  a	  relationship.	  
	  
	  C-­‐14	  
Fig	  164	   	  







Supporting	  communication	  in	  
long-­‐distance	  relationships,	  
the	  pillow	  can	  be	  hugged	  and	  
cuddled,	  supporting	  the	  foetal	  
position,	  and	  the	  user	  can	  feel	  
another	  person's	  heartbeat.	  
Apparently	  people	  felt	  
suspicious	  about	  this	  object.	  
Fig	  165	   	  
Phone	  Not	  Phone	  (Phone	  Not	  Phone,	  2007)	  




Phone	  Not	  Phone	  –	  
experimenting	  with	  the	  
notion	  of	  the	  function	  of	  a	  
mobile	  phone	  and	  tactile	  
stimuli,	  several	  prototypes	  
were	  developed.	  
	  
Fig	  166	   	  






communication	  via	  foot	  
interaction	  in	  computer	  
mediated	  situations.	  
Fig	  167	   	  
Copper	  Urchin	  (Shakar,	  2007)	  
Copper	  Urchin	  	  
Gregory	  Shakar	  	  




Interact	  with	  tactile	  whiskers	  
to	  produce	  sound	  and	  light.	  
The	  metal	  wires	  are	  equipped	  
with	  sensors	  and	  react	  by	  
playing	  musical	  notes	  and	  the	  
lights	  to	  activate.	  
Explores	  a	  way	  of	  interacting	  





	   	  
Fig	  168	   	  
The	  Bed	  (Dodge,	  1996)	  






Based	  on	  Sermon's	  work	  of	  
using	  the	  intimate	  physical	  
surroundings	  of	  a	  bed	  to	  
communicate	  telepresence,	  
this	  takes	  it	  further	  with	  
interactive	  pillows	  and	  
curtains.	  
Fig	  169	   	  




This	  installation	  allows	  distant	  
partners	  to	  communicate	  with	  
each	  other,	  while	  lying	  in	  bed.	  
Through	  video	  projections	  
they	  can	  draw	  on	  each	  other’s	  
body,	  enabling	  intimate	  
communication.	  
	  
Fig	  170	   	  
Space	  Between	  Us	  (Kahana,	  2005)	  
The	  Space	  
Between	  us	  
Gil	  Kahana	  	  
2005	  
An	  interactive	  installation,	  
tracking	  the	  users’	  
movements	  and	  displaying	  
their	  outlines	  on	  a	  screen,	  
with	  graphic	  design	  
emphasising	  the	  space	  
between	  the	  silhouettes.	  
Fig	  171	   	  





Art	  installation	  for	  personal	  
remote	  communication	  
with	  the	  body	  as	  the	  
interface.	  Touching	  one's	  
self	  results	  in	  the	  other	  
person	  feeling	  strength	  and	  
duration	  of	  activity	  through	  




Appendix	  D	   	  
	  Case	  Studies	  
In	  this	  section,	  some	  of	  the	  projects	  appearing	  in	  the	  previous	  timeline	  in	  Appendix	  C	  
are	  analysed	  further	  to	  provide	  a	  series	  of	  in	  depth	  case	  studies.	  The	  further	  
investigation	  will	  mainly	  focus	  on	  Haptic	  devices	  for	  aiding,	  supporting	  or	  enhancing	  




Development	  Context:	  Tangible	  Media	  Group	  based	  in	  the	  MediaLab	  at	  MIT	  	  
Aim:	  Creation	  of	  a	  vibrotactile	  communication	  device	  in	  order	  to	  further	  research	  in	  
using	  touch	  to	  augment	  and/or	  replace	  other	  communication	  channels	  
Outcome:	  A	  prototype	  was	  built	  and	  preliminary	  user	  studies	  involving	  24	  subjects	  
were	  undertaken.	  67%	  of	  users	  reported	  success	  in	  developing	  meaningful	  
communication	  through	  using	  ComTouch.	  
The	  ‘Tangible	  Media	  Group’	  takes	  its	  research	  direction	  from	  Hiroshi	  Ishii	  at	  the	  
MediaLab	  at	  MIT,	  USA,	  who	  first	  introduced	  his	  ideas	  about	  “Tangible	  Interfaces”	  in	  
1997.	  Their	  research	  is	  to	  design	  interfaces	  for	  humans	  interacting	  with	  machines	  
and	  interfaces	  for	  humans	  interacting	  with	  each	  other	  via	  telecommunication.	  Key	  to	  
their	  approach	  is	  creating	  physical	  manifestations	  for	  digital	  objects	  and	  
environments.	  They	  aim	  to	  make	  interaction	  richer	  and	  more	  holistic	  by	  including	  
physical	  objects	  and	  generally	  augmenting	  devices	  by	  adding	  tactility,	  playfulness	  
and	  sensuality.	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They	  endeavour	  to	  make	  the	  space	  between	  human	  and	  machine	  more	  tangible.	  
This	  space	  is	  a	  designed	  space	  that	  has	  no	  real	  foundation	  in	  our	  physical	  world,	  but	  
the	  people	  around	  Hiroshi	  Ishii	  hope	  they	  can	  make	  that	  space	  more	  accessible	  and	  
graspable.	  They	  are	  attempting	  a	  seamless	  integration	  between	  atoms	  (our	  physical	  
environment)	  and	  bits	  (the	  digital	  environment)	  –	  in	  order	  to	  achieve	  this,	  they	  tag	  
real	  life	  objects	  with	  sensors	  and	  transmitters,	  for	  example	  in	  their	  projects	  they	  
make	  glass	  bottles	  and	  pin	  wheels	  the	  communication	  channel	  between	  humans	  and	  
computers.	  
They	  are	  utilizing	  aspects	  of	  our	  perception	  that	  have	  been	  ignored	  by	  traditional	  
graphical	  user	  interfaces	  (GUI)	  –	  by	  facilitating	  peripheral	  perception	  through	  the	  use	  
of	  ambient	  media	  and	  providing	  graspable	  media	  utilizing	  the	  richness	  of	  human	  
senses.	  
Early	  in	  2002,	  Angela	  Chang	  finished	  her	  thesis	  to	  receive	  her	  M.S.	  in	  Media	  Arts	  and	  
Sciences,	  which	  included	  involvement	  in	  the	  project	  ComTouch,	  in	  cooperation	  with	  
Sile	  O’Modhrain,	  Rob	  Jacob,	  Eric	  Gunther	  and	  Hiroshi	  Ishii.	  
	  
Fig	  172	   ComTouch	  prototype	  mobile	  phone	  sleeve	  
They	  developed	  a	  prototype	  for	  a	  remote	  communication	  device	  that	  allows	  for	  
vibrotactile	  interaction	  and	  set	  up	  some	  experiments	  to	  research	  how	  people	  would	  
react	  to	  and	  use	  this	  technology.	  The	  scenarios	  imagined	  possible/probable	  for	  
requiring	  such	  a	  device	  were	  situations	  requiring	  privacy	  –	  providing	  a	  channel	  for	  
personal	  information	  –	  multiplexing	  information	  in	  remote	  communication,	  
transmitting	  through	  emotional	  communication	  channels	  and	  special	  needs	  users.	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Chang	  et	  al	  went	  on	  to	  establish	  that	  humans	  are	  able	  to	  use	  vibration	  mappings	  as	  
additional	  information	  to	  the	  auditory	  channel	  when	  engaging	  in	  remote	  
communication.	  The	  participants	  were	  asked	  to	  use	  the	  device	  in	  two	  
communication	  tasks:	  the	  first	  one	  was	  just	  to	  have	  a	  chat	  on	  the	  phone	  and	  use	  the	  
tactile	  channel	  as	  a	  supplement	  to	  the	  audio	  channel.	  The	  second	  task	  was	  a	  
negotiation	  task,	  having	  to	  rank	  a	  list	  of	  15	  items	  between	  them	  by	  mainly	  using	  the	  
tactile	  channel	  (the	  audio	  channel	  was	  enabled,	  but	  strongly	  discouraged).	  
The	  researchers	  observed	  that	  the	  people	  were	  able	  to	  use	  the	  device	  meaningfully	  
after	  a	  short	  demonstration	  and	  they	  reduced	  recurring	  patterns	  of	  behaviour	  to	  
three	  main	  patterns	  that	  people	  were	  using	  in	  both	  tasks:	  Emphasis,	  Turn-­‐taking	  and	  
Mimicry.	  
Mainly	  in	  the	  second	  task,	  when	  voice	  information	  was	  limited,	  subjects	  developed	  
new	  ways	  of	  agreeing	  /	  disagreeing	  etc.	  –	  developing	  a	  new	  code	  of	  language.	  
	  “The	  second	  task	  demonstrates	  that	  information	  can	  be	  structured	  and	  sent	  via	  
the	  tactile	  channel	  in	  such	  a	  way	  as	  to	  make	  audio	  less	  necessary.	  […]	  However,	  
these	  results	  are	  surprising	  because	  the	  touch-­‐to-­‐vibration	  interface	  is	  a	  new	  
mapping,	  and	  users	  were	  not	  instructed	  as	  to	  how	  to	  use	  the	  interface.	  
Nevertheless,	  67%	  of	  the	  users	  reported	  establishing	  their	  own	  coding	  schemes.”	  
(Chang	  et	  al,	  2002)	  
It	  was	  therefore	  concluded	  that	  there	  are	  indications	  that	  the	  tactile	  channel	  is	  
suitable	  as	  another	  layer	  of	  information.	  The	  ComTouch	  developers	  want	  to	  develop	  
their	  prototype	  to	  include	  more	  than	  one	  finger	  to	  interact	  and	  make	  it	  more	  
intuitive.	  They	  assume	  there	  might	  be	  a	  system	  of	  gestures,	  grammar,	  a	  tactile	  
language	  to	  be	  investigated	  –	  maybe	  in	  the	  form	  of	  known	  hand	  gestures	  re-­‐
appearing,	  as	  in	  what	  they	  call	  a	  ‘conceptual	  language’.	  The	  alternative	  solution	  at	  
the	  moment	  is	  catering	  for	  tactile	  communication	  by	  means	  of	  alphanumeric	  
language	  devices	  (Braille).	  






Development	  context:	  Interval	  Research	  Corporation	  in	  Palo	  Alto,	  USA.	  (The	  
corporation	  does	  not	  exist	  anymore.)	  Dr.	  Karon	  MacLean	  was	  directing	  a	  group	  of	  
researchers	  developing	  and	  testing	  physical	  user	  interfaces.	  This	  work	  emerged	  
around	  the	  time	  Hiroshi	  Ishii	  first	  proposed	  his	  “Digital	  Bits”	  approach	  (Ishii,	  1997).	  
Karon	  Mac	  Lean	  has	  since	  moved	  on	  to	  the	  University	  of	  British	  Columbia,	  where	  she	  
is	  continuing	  her	  work	  at	  the	  SPIN	  lab,	  designing	  and	  building	  innovative	  user	  
interfaces.	  
She	  argues	  to	  embed	  haptic	  feedback	  into	  physical	  interfaces,	  in	  order	  to	  avoid	  
sensory	  overload	  of	  the	  audio-­‐visual	  senses	  as	  well	  as	  certain	  muscle	  groups	  in	  
classic	  computer	  desktop-­‐situations.	  She	  is	  concerned	  with	  the	  loss	  of	  certain	  
sensory	  information	  in	  modern	  objects	  when	  it	  comes	  to	  surface	  or	  feedback	  
information	  that	  can	  help	  solve	  tasks	  better	  or	  make	  them	  more	  pleasurable.	  One	  of	  
the	  most	  interesting	  facts	  about	  MacLean	  is	  her	  intuitive	  way	  of	  combining	  her	  
engineering	  background	  with	  artist’s	  experiences	  and	  her	  work	  on	  Haptic	  Language	  
is	  systematic,	  yet	  non-­‐rigid.	  She	  is	  also	  relating	  the	  fact	  that	  the	  existence	  of	  a	  visual	  
grammar	  is	  widely	  accepted	  and	  used,	  to	  the	  potential	  of	  there	  being	  a	  tactile	  
grammar.	  
	  
Fig	  173	   Haptic	  doorknob	  ‘Aladdin’	  
Aim:	  To	  build	  Aladdin,	  a	  door	  with	  a	  haptically	  
active	  knob	  (MacLean	  &	  Roderick,	  1999).	  The	  type	  
of	  haptic	  feedback	  in	  the	  knob	  was	  torque	  and	  
temperature.	  It	  was	  also	  coupled	  with	  auditory	  feedback.	  The	  aim	  was	  to	  establish	  
whether	  a	  Haptic	  interface	  design	  could	  be	  suitable	  for	  expressive	  or	  abstract	  
communication.	  The	  researchers	  built	  a	  prototype,	  conducted	  some	  preliminary	  user	  
	  
	  D-­‐20	  
studies	  and	  concluded	  that	  it	  had	  been	  a	  successful	  project	  in	  an	  engineering	  sense	  
and	  also	  given	  optimistic	  pointers	  for	  future	  research	  direction	  –	  refining	  haptic	  
grammar	  and	  using	  haptics	  as	  a	  gestural	  display.	  
Haptic	  “expressions”	  were	  designed	  to	  communicate	  five	  different	  narratives	  –“The	  
Party”,	  “The	  Well	  House”,	  “The	  Malleable	  Knob’,	  “Hide	  and	  Seek”	  and	  “The	  
Seductress”.	  Even	  though	  it	  was	  only	  a	  prototype,	  it	  was	  found	  that	  users	  did	  engage	  
with	  the	  doorknob	  and	  its	  meaningful	  expressions.	  Some	  users’	  reactions	  were	  
unexpected.	  	  
In	  “The	  Party”	  –	  which	  was	  a	  narrative	  which	  let	  users	  hear	  faint	  sounds	  of	  a	  party,	  
and	  on	  turning	  the	  knob,	  increases	  the	  sounds’	  volume	  and	  clarity	  –	  people	  were	  
spending	  more	  time	  at	  the	  door	  than	  was	  expected,	  as	  they	  were	  turning	  the	  knob	  a	  
few	  times	  and	  trying	  to	  eavesdrop.	  The	  researchers	  said	  they	  were	  pleasantly	  
surprised	  by	  this	  but	  also	  admitted	  they	  had	  doubts	  that	  this	  would	  always	  happen	  in	  
a	  real	  situation	  –	  the	  prototype	  door	  was	  only	  a	  half	  door,	  meaning	  user’s	  could	  not	  
actually	  walk	  through	  it	  to	  enter	  the	  next	  space.	  
In	  “The	  Well	  House”	  the	  doorknob	  was	  used	  to	  display	  the	  situation	  in	  the	  room	  
regarding	  lights,	  heating	  and	  a	  remote	  sense	  of	  presence.	  Increasing	  temperature	  
would	  indicate	  a	  person	  being	  in	  the	  room	  while	  a	  cold	  knob	  would	  indicate	  that	  the	  
room	  was	  empty.	  Another	  dimension	  was	  added	  by	  using	  torque	  –	  it	  was	  
uncomfortable	  to	  turn	  the	  knob,	  this	  indicated	  that	  there	  might	  be	  something	  wrong	  
with	  the	  room,	  like	  maybe	  someone	  had	  left	  the	  lights	  on.	  	  
The	  “Malleable	  Knob”	  records	  the	  amount	  of	  activity	  and	  people	  crossing	  from	  one	  
space	  to	  the	  next,	  resulting	  in	  a	  change	  in	  the	  doorknob’s	  texture	  –	  from	  firm	  and	  
crisp	  to	  perhaps	  hot	  and	  gummy	  after	  extensive	  usage.	  	  
In	  “Hide	  and	  Seek”	  the	  interaction	  situation	  is	  designed	  as	  a	  game.	  On	  approaching	  
the	  door,	  sounds	  of	  a	  busy	  hallway	  on	  the	  other	  side	  are	  perceived.	  On	  turning	  the	  
knob,	  it	  starts	  to	  resist	  you	  and	  the	  people	  on	  the	  other	  side	  seem	  to	  be	  running	  
away.	  The	  more	  force	  applied	  to	  the	  knob	  to	  open	  the	  door,	  the	  more	  it	  resists	  –	  
until,	  at	  one	  point,	  it	  gives	  in	  and	  the	  door	  opens	  –	  but	  the	  user	  finds	  only	  silence	  and	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a	  few	  giggles.	  According	  to	  the	  researchers,	  the	  temporally	  synchronized	  event	  of	  
Haptics	  and	  sound	  leads	  to	  a	  greater	  perception	  of	  the	  reality	  of	  the	  event.	  
Finally,	  the	  “Seductress”	  has	  an	  auditory	  feedback	  in	  the	  form	  of	  a	  seductive	  female	  
voice	  inviting	  you	  to	  open	  the	  door	  and	  enter	  the	  room.	  The	  urgency	  of	  her	  voice	  is	  
coupled	  with	  haptic	  feedback	  in	  the	  knob	  and	  reacts	  to	  the	  activity	  in	  the	  room.	  If	  
the	  door	  senses	  a	  lot	  of	  energy	  and	  activity	  in	  the	  room,	  the	  voice	  feedback	  will	  
increase	  their	  invitations	  and	  on	  touching	  the	  doorknob	  this	  is	  being	  reinforced	  by	  
increasing	  speed,	  and	  changing	  directness	  and	  texture.	  
The	  researchers	  concluded	  that	  to	  include	  Multihaptics	  (extending	  the	  Haptic	  palette	  
beyond	  force	  and	  vibration)	  was	  challenging,	  but	  most	  successful.	  Temperature	  was	  
found	  to	  be	  a	  salient	  element	  for	  haptic	  language.	  	  They	  also	  thought	  that	  the	  
Multisensory	  design	  was	  beneficial,	  supporting	  Haptics	  with	  auditory	  feedback	  to	  
enhance	  the	  sense	  of	  reality	  and	  immersion.	  	  
They	  have	  begun	  to	  develop	  what	  they	  call	  a	  “vocabulary	  of	  kinaesthetic	  
impressions”	  in	  order	  to	  create	  the	  narrative’s	  expressions.	  Influences	  came	  from	  
dance	  and	  movement	  theory,	  working	  with	  a	  choreographer	  who	  created	  a	  
categorization	  to	  describe	  all	  humanly	  possible	  movements.	  These	  can	  be	  related	  to	  
describe	  and	  structure	  haptic	  sensations	  –	  in	  the	  hope	  of	  developing	  a	  loose	  
codification	  of	  grammatical	  elements,	  with	  the	  goal	  of	  developing	  a	  haptic	  language.	  
Two	  axes	  are	  identified,	  the	  perception	  at	  skin	  level	  and	  the	  perception	  at	  a	  cultural	  
level	  –	  two	  spaces	  whose	  potential	  for	  illusions	  can	  be	  exploited	  to	  increase	  the	  
impact	  of	  the	  design	  even	  more	  and	  overcome	  hardware	  limitations.	  They	  admit	  that	  
a	  lot	  of	  their	  results	  and	  successes	  are	  thanks	  to	  an	  intrinsic	  ambiguity	  in	  their	  
classifications,	  which	  stems	  from	  the	  sometimes	  messy	  medium	  of	  sensory	  
processing	  –	  something	  which	  in	  their	  view	  could	  be	  harvested	  for	  communication’s	  
and	  experience’s	  benefit.	  
Therefore	  the	  researchers	  describe	  the	  Haptic	  designer’s	  workspace	  as	  “difficult	  and	  
infinitely	  rich”	  –	  they	  also	  seem	  to	  advertise	  the	  approach	  of	  suggesting	  a	  user’s	  
experience,	  rather	  than	  prescribing	  it.	  It	  seems	  that	  some	  of	  the	  surprises	  that	  they	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came	  across	  are	  viewed	  as	  “Happy	  accidents”	  which	  could	  be	  utilized	  to	  design	  a	  
more	  expressive	  interface.	  	  
They	  conclude	  that	  given	  the	  novelty	  of	  the	  physical	  interfaces,	  a	  lot	  of	  work	  still	  
needs	  to	  be	  done	  in	  order	  not	  to	  startle	  or	  scare	  users.	  Also	  they	  thought	  the	  
integration	  of	  physical	  interfaces	  into	  their	  context	  needs	  to	  be	  considered	  carefully,	  
as	  some	  users	  spent	  too	  much	  time	  and	  attention	  on	  a	  source	  of	  information	  which	  
should	  have	  been	  peripheral.	  Another	  interesting	  find	  was	  that	  the	  fact	  that	  
movement	  was	  involved	  extended	  the	  Haptic	  display	  to	  a	  visual	  display	  –	  opening	  of	  
a	  whole	  different	  palette	  for	  interaction	  designers	  –	  a	  visual	  gesture	  display.	  
Finally,	  they	  express	  their	  view	  that	  they	  would	  like	  to	  develop	  a	  “set	  of	  general	  rules	  
for	  combination	  of	  haptic	  primitives	  to	  optimize	  salience	  such	  as	  we	  have	  for	  graphic	  
design”.	  
Interestingly,	  the	  researchers	  note	  that	  it	  was	  quite	  remarkable	  how	  much	  they	  
could	  stretch	  the	  perceived	  materiality	  of	  the	  knob	  –	  relying	  on	  a	  human	  being’s	  
talent	  to	  pick	  up	  on	  simple	  cues	  and	  fill	  in	  the	  gaps	  with	  their	  learned	  experience.	  
This	  is	  something	  we	  have	  seen	  in	  early	  videogame	  graphics,	  the	  most	  infamous	  
example	  here	  being	  the	  game	  “Pong”	  –	  where	  two	  white	  lines	  and	  a	  white	  dot	  
comprise	  a	  game	  of	  tennis.	  (So	  the	  ability	  for	  the	  human	  user	  to	  take	  simple	  things	  
and	  make	  them	  into	  meaningful	  experience	  is	  immense.	  From	  this	  perspective,	  there	  
really	  is	  no	  need	  for	  full-­‐scale	  3D-­‐simulation	  graphics	  to	  enjoy	  computer	  games.	  
McLuhan	  (McLuhan,	  1995)	  also	  argues	  for	  a	  distinction	  between	  hot	  and	  cool	  media,	  
cool	  media	  leaving	  the	  audience	  lots	  of	  room	  to	  interact	  and	  engage.	  And	  it	  becomes	  
interesting	  when	  drawing	  the	  parallel	  to	  Haptics,	  where	  likewise	  there	  might	  not	  be	  
a	  need	  for	  exact	  replication,	  but	  abstract,	  simple	  cues	  might	  suffice.	  




Year:	  2001	  	  
Development	  Context:	  This	  is	  another	  project	  developed	  by	  the	  “Tangible	  Media”	  
group	  at	  the	  MIT	  Media	  Lab	  –	  in	  this	  case	  involving	  Kelly	  Dobson,	  Danah	  Boy,	  Wendy	  
Ju,	  Judith	  Donath	  and	  Hiroshi	  Ishii	  (Dobson	  et	  al,	  2001).	  	  
Aim:	  To	  facilitate	  social	  awareness	  and	  evoke	  emotional	  response	  in	  computer-­‐
mediated	  spaces	  	  
Outcome:	  Researchers	  in	  the	  ‘Tangible	  Media	  Group’	  based	  in	  the	  MediaLab	  at	  MIT	  
have	  developed	  an	  interpersonal,	  vibrotactile	  communication	  device	  called	  
“Vibrobod”	  and	  a	  newsgroup	  navigation	  device	  called	  “What’s	  Shaking”	  that	  
employs	  temperature	  and	  vibration	  as	  a	  means	  of	  communication.	  It	  was	  found	  that	  
“users	  were	  able	  to	  perceive	  social	  information	  viscerally	  in	  mediated	  
communication	  through	  an	  intuitive	  understanding	  of	  vibration	  and	  temperature”	  
(Dobson	  et	  al,	  2001)	  
Prototypes	  were	  built	  for	  a	  physical	  interface	  employing	  vibration	  and	  temperature	  
as	  dimensions	  of	  touch	  to	  help	  users	  communicate	  in	  digital	  networked	  interaction.	  
The	  physicality	  of	  the	  prototypes	  is	  designed	  to	  mould	  naturally	  into	  the	  user’s	  hands	  
to	  encourage	  intuitive	  interaction.	  
The	  research	  group	  make	  a	  point	  by	  saying	  temperature	  and	  vibration	  may	  not	  be	  
suitable	  to	  convey	  precise,	  complex	  information	  like	  numbers,	  but	  that	  these	  
dimensions	  of	  touch	  could	  be	  well	  suited	  to	  communicate	  more	  elusive	  concepts	  of	  
interpersonal	  communication	  like	  affect	  and	  ambience–	  an	  area	  that	  often	  loses	  out	  
in	  telecommunication.	  They	  are	  hoping	  the	  touch	  dimensions	  they	  chose	  for	  their	  
prototypes	  are	  powerful	  in	  causing	  primal,	  immediate	  responses.	  
“Temperature	  and	  vibration	  are	  too	  inexact	  to	  convey	  explicit	  messages	  or	  
complex	  information,	  but	  that	  ambiguity	  works	  well	  for	  communicating	  “fuzzier”	  
degrees	  of	  atmosphere,	  ambiance,	  or	  affect.	  The	  sensation	  of	  vibration	  or	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warmth	  triggers	  gut-­‐instinct	  responses,	  which	  work	  well	  for	  conveying	  ambient	  
information	  or	  for	  communicating	  urgency”	  	  
(Dobson	  et	  al,	  2001)	  
	  
Fig	  174	   Vibrobod	  Prototype	  
Two	  prototypes	  were	  built	  
focussing	  on	  whether	  
temperature	  and	  vibration	  could	  
indeed	  convey	  feelings	  to	  the	  
user.	  The	  “Vibrobod”	  is	  a	  handheld	  device	  to	  facilitate	  the	  communication	  of	  
emotional	  content	  between	  two	  users	  in	  a	  digital	  space.	  It	  is	  made	  of	  rubber,	  
organically	  and	  amorphously	  shaped	  with	  dents,	  protrusions	  and,	  most	  importantly,	  
several	  holes	  for	  placing	  hands	  and	  fingers.	  The	  shape	  of	  the	  design	  supports	  the	  
pre-­‐set	  emotional	  states	  that	  are	  to	  be	  communicated	  –	  the	  designers	  chose	  deep	  
holes	  for	  anxious	  grips	  and	  spread	  out	  holes	  for	  relaxing	  and	  restful	  positions.	  The	  
Vibrobod	  is	  equipped	  with	  force	  sensors	  and	  microphones	  and	  can	  give	  feedback	  to	  
these	  sensory	  inputs	  in	  the	  form	  of	  different	  vibration	  frequencies	  and	  patterns	  and	  
also	  in	  the	  form	  of	  temperature.	  The	  researchers	  were	  hoping	  the	  vibration	  would	  
“induce	  distinct	  psychological	  states”	  and	  the	  slow	  raising	  of	  temperature	  would	  give	  
the	  users	  the	  “sense	  of	  holding	  and	  being	  held”.	  	  
Following	  some	  informal	  tests	  with	  at	  least	  15	  students	  it	  was	  found	  that	  users	  did	  
receive	  meaningful	  experiences	  from	  the	  Vibrobod	  –	  after	  an	  initial	  reservation	  
about	  the	  unusual	  feedback,	  experimental	  discovery	  behaviour	  took	  over	  and	  the	  
mappings	  seemed	  to	  correspond	  with	  how	  the	  users	  were	  feeling.	  
The	  second	  prototype,	  “What’s	  Shaking”	  is	  a	  glove	  connected	  to	  a	  host	  computer	  
which	  can	  deliver	  temperature	  and	  vibration	  according	  to	  the	  information	  received	  
when	  travelling	  through	  online	  newsgroups.	  The	  glove	  seems	  to	  be	  made	  of	  wool,	  
has	  cut	  off	  and	  frayed	  fingers	  which	  gives	  it	  a	  natural	  down-­‐to-­‐earth	  look	  not	  often	  
seen	  in	  engineering	  labs.	  The	  feedback	  seems	  to	  be	  delivered	  to	  the	  back	  of	  the	  
hand.	  The	  sensory	  feedback	  in	  this	  case	  is	  meant	  to	  convey	  social	  dynamics.	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Temperature	  was	  mapped	  to	  populous	  groups	  and	  vibration	  was	  mapped	  to	  very	  
active	  groups.	  	  	  
Following	  some	  informal	  tests	  with	  twelve	  students	  it	  was	  found	  that	  these	  
mappings	  were	  successfully	  correlated,	  warmth	  giving	  users	  a	  “feeling	  of	  welcome”	  
for	  example.	  The	  researchers	  hypothesise	  that	  these	  mappings	  are	  indeed	  so	  
successful,	  that	  they	  can	  be	  picked	  up	  intuitively	  by	  any	  user,	  without	  prior	  training.	  
They	  concluded	  therefore	  that	  vibration	  and	  temperature	  are	  suited	  to	  help	  facilitate	  
an	  intuitive	  understanding	  of	  shared	  social	  spaces	  in	  computer-­‐mediated	  
communication.	  The	  prototypes,	  they	  claim,	  have	  shown	  that	  these	  dimensions	  of	  
touch	  are	  useful	  in	  evoking	  emotional	  reactions	  –	  namely	  “presence,	  emotion	  and	  
empathy”	  for	  the	  “Vibrobod”	  and	  providing	  ambient	  social	  information	  in	  
newsgroups.	  	  This	  project	  is	  successful	  in	  the	  way	  it	  shows	  how	  touch	  as	  another	  
layer	  of	  information	  can	  communicate	  to	  users	  in	  a	  non-­‐verbal	  way	  which	  does	  not	  
require	  literacy	  and	  can	  therefore	  probably	  be	  considered	  to	  be	  universal	  and	  
inclusive.	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The	  Space	  Between	  Us	  
Year:	  2005	  
Aim:	  To	  highlight	  the	  awareness	  of	  the	  space	  between	  two	  people	  
Development	  context:	  MA	  Digital	  Media	  student	  at	  St.	  Martin’s	  College	  of	  Arts,	  
London	  
Outcome:	  An	  interactive	  installation	  during	  an	  exhibition	  at	  the	  Mall	  Gallery,	  London	  
	  “The	  Space	  Between	  Us”	  (Kahana,	  2005)	  is	  an	  art	  installation	  for	  two	  people,	  which	  
tracks	  the	  users’	  movement	  and	  creates	  their	  visual	  outline	  and	  interactive	  
responses	  on	  a	  large	  screen.	  The	  project	  was	  designed	  to	  emphasise	  the	  space	  
between	  two	  people	  co-­‐located	  in	  the	  active	  space.	  Distance	  and	  proximity,	  
movement	  along	  x,	  y	  and	  z-­‐axis	  and	  other	  forms	  of	  activity	  are	  the	  variables	  in	  
producing	  varying	  visual	  rewards.	  People	  are	  encouraged	  to	  work	  with	  and	  against	  
each	  other,	  take	  turns,	  create	  interesting	  shapes	  with	  their	  bodies	  and	  so	  on.	  When	  
the	  outlines	  onscreen	  overlap,	  it	  feels	  as	  though	  the	  two	  people	  touch	  –	  even	  though	  
there	  is	  no	  real	  physical	  contact.	  	  
	  
Fig	  175	   	  ‘The	  Space	  Between	  Us’	  Installation	  
	  Taking	  into	  account	  the	  given	  usual	  
awkwardness	  of	  art	  viewing	  spaces,	  together	  
with	  the	  general	  avoidance	  in	  a	  northwestern	  
context	  to	  touch	  each	  other,	  the	  observed	  
willingness	  of	  participants	  to	  enter	  and	  interact	  
with	  each	  other	  in	  this	  installation	  randomly	  is	  noteworthy.	  Interesting	  is	  also,	  how	  a	  
visual	  representation	  of	  one’s	  self-­‐touching	  another	  visual	  representation	  of	  one’s	  
self	  is	  actually	  sufficient	  for	  the	  self	  to	  feel	  touched.	  This	  would	  support	  the	  field	  
model	  of	  touch,	  where	  the	  intent	  of	  touching	  means	  we	  already	  touch	  the	  other	  
before	  making	  physical	  contact.	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Lovers	  Like	  Us	  	  
Year:	  exhibited	  1997,	  1998	  and	  2001	  
	  
Fig	  176	   Areas	  in	  ‘Lovers	  Like	  Us’	  installation	  
Development	  Context:	  “Lovers	  Like	  Us”	  is	  an	  interactive	  sensory	  installation	  
developed	  by	  the	  Venezuelan	  artist	  Katiushka	  Borges	  and	  was	  exhibited	  in	  London,	  
Florence	  and	  Seville.	  
Aim:	  To	  facilitate	  affective	  (and	  effective)	  communication	  between	  couples	  or	  
friends	  
Outcome:	  Katiushka	  Borges	  created	  a	  multi-­‐sensory	  space	  involving	  sound,	  vision,	  
touch	  and	  smell	  with	  four	  areas	  of	  interaction	  in	  which	  users	  interacted	  with	  
desktop-­‐computer	  based	  games	  created	  with	  the	  use	  of	  neuro-­‐linguistic	  
programming.	  The	  issues	  that	  the	  installation	  was	  dealing	  with	  were	  of	  identity,	  
intimacy,	  relationships,	  love	  and	  perception.	  Borges	  claims	  that	  the	  space	  she	  
created	  was	  successful	  in	  breaking	  down	  barriers	  of	  communication	  that	  can	  arise	  
when	  tackling	  difficult,	  emotional	  issues	  in	  relationships	  and	  can	  counter	  
preconceptions.	  More	  than	  25	  000	  participants	  aged	  from	  18	  to	  60	  years	  have	  tested	  
it	  and	  gave	  very	  positive	  feedback,	  according	  to	  the	  artist.	  
The	  first	  area	  is	  made	  up	  of	  a	  table,	  two	  chairs,	  and	  a	  desktop	  computer	  with	  a	  
screen	  and	  a	  mouse.	  The	  couple	  or	  pair	  of	  friends	  interact	  with	  the	  game	  “Erotic	  
Shortcuts	  for	  lovers	  like	  us’	  which	  is	  based	  on	  NLP	  (Neuro-­‐linguistic	  programming)	  
and	  uses	  the	  heart	  as	  a	  metaphor.	  “It	  is	  a	  journey	  through	  the	  heart	  to	  enhance	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communication	  between	  partners,	  where	  they	  get	  to	  know	  each	  other	  by	  their	  
choices	  that	  involved	  non-­‐verbal	  content.”	  (Borges,	  personal	  communication,	  
October	  2002)	  
I	  found	  this	  project	  interesting,	  as	  it	  is	  designed	  to	  enhance	  communication	  and	  
interaction	  between	  couples,	  and	  the	  artist	  claims	  that	  the	  installation	  has	  been	  
effective	  in	  doing	  so.	  The	  idea	  of	  using	  sensory	  means	  of	  expression	  in	  couple	  
therapy,	  for	  example	  for	  unblocking	  channels	  of	  communication,	  is	  something	  that	  I	  
would	  like	  to	  explore.	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Appendix	  E	   	  
	  
Haptic	  Box:	  Further	  Statistical	  Analysis	  
In	  the	  main	  section	  of	  the	  thesis,	  scale	  trends	  were	  reviewed	  in	  relation	  to	  the	  pilot	  
study	  in	  the	  Haptic	  Box	  study,	  which	  allowed	  some	  conclusions	  in	  terms	  of	  
metaphorical	  associations	  with	  tactile	  experiences.	  In	  this	  section,	  the	  various	  
experimental	  steps	  taken	  to	  find	  some	  further	  commonalities,	  or	  clusters,	  through	  
data	  analysis	  techniques,	  will	  be	  described.	  The	  objective	  of	  this	  analysis	  was	  to	  find	  
some	  common	  currents	  within	  the	  data.	  A	  factor	  analysis	  was	  performed,	  including	  
pruning	  the	  data	  to	  remove	  the	  most	  erroneous	  entries.	  Finally,	  the	  data	  was	  
clustered	  using	  the	  K-­‐Means	  Algorithm	  to	  find	  the	  cluster	  centroids,	  and	  to	  which	  
cluster	  each	  scale	  is	  most	  strongly	  associated.	  
	  Factor	  Analysis	  -­‐	  Clustering	  SD	  into	  Factor	  Dimensions	  
The	  aim	  of	  statistically	  analysing	  the	  Haptic	  Box	  study	  results	  through	  a	  factor	  
analysis	  was	  to	  identify	  dimensions	  established	  by	  Osgood's	  research.	  In	  selecting	  
appropriate	  scales	  for	  the	  questionnaire,	  12	  were	  chosen	  based	  on	  Osgood's	  
research	  -­‐	  4	  evaluative,	  4	  potency,	  and	  4	  activity.	  It	  was	  also	  important,	  if	  this	  data	  
was	  to	  show	  anything	  interesting	  relating	  to	  touch,	  to	  look	  for	  new,	  maybe	  more	  
appropriate	  dimensions.	  This	  approach	  is	  backed	  up	  by	  the	  fact	  that	  it	  is	  reiterated	  in	  
"The	  Measurement	  of	  Meaning"	  how	  major	  connotative	  factors	  which	  have	  been	  
defined	  are	  fairly	  consistently	  appearing	  with	  similar	  weightings,	  however	  that	  there	  
is	  also	  a	  large	  portion	  of	  the	  total	  variance	  which	  remains	  unaccounted	  for.	  It	  can	  
therefore	  be	  assumed	  that	  there	  are	  also	  other	  factors	  operating,	  which	  have	  not	  
been	  included	  in	  the	  dimensions	  established	  by	  Osgood's	  research.	  	  Other	  factors	  
identified	  were	  stability	  and	  receptivity,	  for	  example.	  The	  further	  investigation	  and	  
discussion	  of	  dimensions	  could,	  by	  the	  researcher's	  own	  admission,	  lead	  into	  "basic	  
problems	  about	  the	  nature	  of	  human	  thought	  and	  judgment"	  (Osgood,	  1967).	  This	  is	  
interesting	  as	  the	  aim	  of	  this	  research	  thesis	  is	  to	  determine	  relationships	  and	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associations	  that	  people	  have	  with	  tactile	  experiences,	  which	  in	  turn	  may	  reveal	  a	  lot	  
more	  about	  the	  sense	  of	  touch	  and	  its	  part	  in	  human	  communication.	  
A	  component	  analysis	  on	  the	  scale	  trends	  was	  performed	  -­‐	  specifically	  individuals’	  
average	  responses	  to	  each	  scale.	  The	  result	  is	  3	  components	  as	  described	  by	  the	  
table	  below.	  
	  
	  Texture	  Description	   Component	  
	   1	   2	   3	  
Pleasant	  -­‐	  Unpleasant	   -­‐.477	   .575	   -­‐.315	  
Active	  -­‐	  Passive	   .501	   .452	   .416	  
Rugged	  -­‐	  Delicate	   .534	   .040	   -­‐.355	  
Fragrant	  -­‐	  Foul	   -­‐.590	   .472	   .124	  
Heavy	  -­‐	  Light	   .696	   .343	   .263	  
Hot	  -­‐	  Cold	   .293	   -­‐.030	   .721	  
Sweet	  -­‐	  Bitter	   -­‐.418	   .222	   .577	  
Young	  -­‐	  Old	   -­‐.469	   .292	   .282	  
Tense	  -­‐	  Relaxed	   .599	   -­‐.505	   .163	  
Strong	  -­‐	  Weak	   .704	   .464	   -­‐.130	  
Valuable	  -­‐	  Worthless	   .094	   .665	   .034	  
Brave	  -­‐	  Cowardly	   .360	   .605	   -­‐.349	  
Fig	  177	   Component	  Matrix	  
It	  should	  be	  noted	  that	  all	  negative	  values	  represent	  an	  inverse	  association	  with	  the	  
corresponding	  component.	  Positive	  results	  for	  these	  scales’	  contributions	  to	  the	  




Fig	  178	   Component	  Contributions	  
In	  order	  to	  find	  multiple	  underlying	  categories	  for	  the	  scales	  it	  was	  necessary	  to	  
group	  the	  scales	  that	  share	  similar	  attributes.	  A	  dimensionality	  reduction	  from	  72	  to	  
3	  dimensions	  was	  achieved.	  However,	  each	  one	  of	  these	  new	  dimensions	  is	  not	  
necessarily	  a	  new	  category	  in	  and	  of	  itself,	  but	  merely	  the	  most	  efficient	  way	  of	  
representing	  a	  3-­‐dimensional	  space	  within	  which	  all	  scales	  can	  lie.	  	  
To	  make	  more	  sense	  of	  the	  data,	  further	  clustering	  was	  necessary,	  however	  to	  
accomplish	  this,	  inaccurate	  data	  has	  to	  be	  removed	  as	  far	  as	  possible	  and	  the	  data	  
needs	  to	  tailored	  for	  the	  clustering	  algorithm.	  One	  of	  these	  is	  to	  make	  sure	  that	  all	  
principle	  component	  contributions	  are	  positive.	  	  
	   	   	   	  
	  Texture	  Description	   Component	  
	   1	   2	   3	  
Pleasant	  -­‐	  Unpleasant	   0.476507	   0.575189	   0.314717	  
Active	  -­‐	  Passive	   0.500989	   0.452186	   0.416009	  
Rugged	  -­‐	  Delicate	   0.533977	   0.039732	   0.355495	  
Fragrant	  -­‐	  Foul	   0.590148	   0.47246	   0.124201	  
Heavy	  -­‐	  Light	   0.69575	   0.343211	   0.263319	  
Hot	  -­‐	  Cold	   0.29271	   0.029845	   0.721407	  



























Young	  -­‐	  Old	   0.468915	   0.292269	   0.28177	  
Tense	  -­‐	  Relaxed	   0.599412	   0.504668	   0.162767	  
Strong	  -­‐	  Weak	   0.703699	   0.464396	   0.129965	  
Valuable	  -­‐	  Worthless	   0.093981	   0.664999	   0.03436	  
Brave	  -­‐	  Cowardly	   0.360442	   0.605453	   0.349002	  
	   	   	   	  
Fig	  179	   Absolute	  Contributions	  
The	  interesting	  aspect	  here	  is	  the	  influence	  that	  each	  scale	  has	  on	  each	  component.	  
A	  negative	  influence	  holds	  an	  equal	  contribution	  as	  a	  positive	  and	  to	  aid	  the	  
clustering	  process	  we	  take	  the	  absolute	  (ignore	  negative	  sign)	  value	  of	  each	  scale’s	  
contribution.	  The	  result	  is	  represented	  in	  the	  figure	  below.	  
	  
Fig	  180	   Absolute	  Component	  Contributions	  
The	  following	  is	  just	  another	  view	  of	  the	  figure	  component	  matrix	  above,	  and	  serves	  
to	  highlight	  each	  scales’	  contribution	  to	  the	  components.	  The	  ‘active-­‐passive’	  scale	  
for	  example	  contributes	  relatively	  equally	  to	  all	  3	  components.	  As	  this	  scale	  cannot	  























Fig	  181	   Component	  Contributions	  
	  
Data	  Pruning	  
The	  standard	  deviation	  of	  each	  scale’s	  contribution	  to	  the	  respective	  component	  is	  a	  
good	  indication	  of	  how	  indiscernible	  the	  scale’s	  association	  is.	  The	  following	  table	  
shows	  the	  standard	  deviation	  across	  all	  3	  components	  for	  each	  scale.	  Scales	  with	  the	  
highest	  standard	  deviation	  hold	  less	  significance	  to	  an	  individual	  component	  and	  are	  
removed,	  to	  minimise	  the	  contamination	  of	  the	  clustering	  process.	  
	   	   	  
	  Texture	  Description	   Component	   	  
	   1	   2	   3	   Standard	  
Deviation	  
Pleasant	  -­‐	  Unpleasant	   0.476507	   0.575189	   0.314717	   0.131504	  
Active	  -­‐	  Passive	   0.500989	   0.452186	   0.416009	   0.042646	  
Rugged	  -­‐	  Delicate	   0.533977	   0.039732	   0.355495	   0.25028	  
Fragrant	  -­‐	  Foul	   0.590148	   0.47246	   0.124201	   0.242295	  
Heavy	  -­‐	  Light	   0.69575	   0.343211	   0.263319	   0.230095	  
Hot	  -­‐	  Cold	   0.29271	   0.029845	   0.721407	   0.349079	  
Sweet	  -­‐	  Bitter	   0.418028	   0.222176	   0.576616	   0.177546	  
Young	  -­‐	  Old	   0.468915	   0.292269	   0.28177	   0.105149	  
















Strong	  -­‐	  Weak	   0.703699	   0.464396	   0.129965	   0.288178	  
Valuable	  -­‐	  Worthless	   0.093981	   0.664999	   0.03436	   0.348167	  
Brave	  -­‐	  Cowardly	   0.360442	   0.605453	   0.349002	   0.144872	  
Fig	  182	   Absolute	  Component	  Values	  and	  respective	  standard	  deviations	  
	  
Fig	  183	   Standard	  deviation	  of	  scales’	  contributions	  to	  components	  
Scales’	  whose	  standard	  deviations	  are	  below	  an	  arbitrary	  threshold	  are	  pruned	  from	  
the	  data	  set.	  The	  threshold	  was	  determined	  and	  chosen	  through	  trial	  and	  error,	  in	  an	  
effort	  to	  reduce	  cross	  contamination	  of	  the	  clusters.	  Removing	  the	  lowest	  scoring	  
standard	  deviations	  leads	  the	  algorithm	  to	  produce	  the	  most	  evenly	  distributed	  
scales	  across	  clusters.	  Scales	  whose	  standard	  deviations	  lie	  below	  0.12	  are	  pruned,	  















Fig	  184	   Component	  contributions	  after	  pruning	  
Figure	  184	  is	  the	  result	  of	  pruning	  the	  lowest	  scoring	  scales	  from	  the	  data	  set,	  as	  
described	  above.	  This	  will	  be	  fed	  into	  the	  K-­‐means	  Clustering	  algorithm.	  
K-­‐Means	  Clustering	  
Three	  components	  are	  emerging	  as	  dimensions	  in	  the	  clustering	  process.	  The	  factor	  
contribution	  to	  each	  component	  determines	  their	  position	  on	  that	  respective	  
component/dimension.	  
The	  K-­‐means	  algorithm	  was	  a	  suitable	  choice	  for	  clustering,	  because	  it	  uses	  
Euclidean	  distance	  measure.	  This	  seemed	  appropriate	  due	  to	  the	  way	  that	  the	  
distance	  measure	  can	  discriminate	  on	  discontinuities	  whether	  in	  a	  single	  dimension	  
or	  multiple	  dimensions.	  
	  
Case	  Number	   Cluster	   Distance	  
Hot	  -­‐	  Cold	   1	   .220	  
Rugged	  -­‐	  Delicate	   1	   .236	  
Sweet	  -­‐	  Bitter	   1	   .128	  
Valuable	  -­‐	  Worthless	   2	   .208	  
Brave	  -­‐	  Cowardly	   2	   .208	  
Strong	  -­‐	  Weak	   3	   .114	  
Fragrant	  -­‐	  Foul	   3	   .078	  
















Tense	  -­‐	  Relaxed	   3	   .051	  
Pleasant	  -­‐	  Unpleasant	   3	   .207	  
Fig	  185	   Scale-­‐Cluster	  Membership	  
The	  figure	  above	  shows	  the	  results	  from	  the	  K-­‐means	  Clustering	  Algorithm.	  Three	  
clusters	  were	  formed,	  because	  ideally	  this	  would	  correspond	  on	  some	  level	  to	  the	  
three	  philosophical	  models	  of	  touch	  described	  in	  Chapter	  2.23.	  	  
	  
Fig	  186	   A	  depiction	  of	  distance	  of	  each	  scale	  to	  its	  respective	  cluster	  centroid	  
The	  central	  position	  of	  each	  cluster	  lies	  within	  the	  three	  dimensions	  as	  defined	  by	  
the	  principal	  components.	  In	  an	  ideal	  world,	  the	  centroid	  of	  a	  cluster	  would	  
represent	  the	  exact	  attributes	  or	  coordinates	  of	  the	  original	  dimensions	  developed	  
by	  Osgood	  et	  al.	  Therefore,	  the	  closer	  each	  scale	  is	  to	  its	  respective	  clusters’	  
centroid,	  the	  closer	  it	  is	  to	  its	  ideal	  category.	  The	  above	  figure	  shows	  these	  distances	  
in	  a	  scaled	  manner.	  

















Distance	  From	  Respecove	  Centroid	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The	  dimensions	  derived	  from	  the	  original	  Semantic	  Differential	  research	  by	  Osgood	  
et	  al	  is	  an	  established	  model	  that	  could	  be	  used	  to	  serve	  as	  a	  target	  for	  the	  
interpretation	  of	  the	  results	  of	  the	  Haptic	  Box	  data.	  From	  the	  original	  abstract	  
linguistic	  categories	  (i.e.	  activity,	  potency,	  evaluative),	  more	  appropriate	  categories	  
for	  investigation	  of	  touch	  were	  sought.	  Some	  of	  the	  variables	  needed	  to	  be	  reduced	  
so	  that	  the	  analysis	  could	  concentrate	  on	  the	  most	  significant	  correlations.	  
The	  aim	  of	  the	  factor	  analysis	  is	  to	  try	  and	  determine	  some	  underlying	  generalities	  in	  
subjects'	  choices.	  (MacLean	  &	  Enriquez,	  2003)	  describe	  this	  difficulty	  in	  their	  process	  
of	  detecting	  people’s	  perception	  of	  similarities	  of	  haptic	  stimuli,	  using	  
Multidimensional	  Scaling:	  
“Once	  an	  appropriate	  dimensionality	  has	  been	  found,	  some	  ingenuity	  may	  be	  
required	  to	  interpret	  the	  meaning	  of	  the	  axes,	  particularly	  in	  the	  absence	  of	  
accepted	  statistical	  measures.	  The	  dimensions	  recovered	  by	  perceptual	  MDS	  are	  
taken	  to	  be	  the	  most	  salient	  aspects,	  and	  the	  stimulus	  coordinates	  recovered	  in	  
the	  scaling	  are	  interpreted	  as	  the	  location	  of	  the	  objects	  along	  these	  salient	  
aspects.”	  	  




The	  components	  we	  created	  for	  the	  data	  generated	  in	  the	  Haptic	  Box	  study	  were	  
PHYSICAL,	  FUNCTIONAL,	  EMOTIONAL	  (originally	  potency,	  evaluative	  and	  activity).	  	  
Derived	  Touch	  Categories	  
Emo}onal	   Physical	   Func}onal	  
Abstract	  Linguis}c	  Categories	  
Ac}vity	   Potency	   Evalua}ve	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PHYSICAL	  (potency)	   FUNCTIONAL	  (evaluative)	   EMOTIONAL	  (activity)	  
	  
get	  info*	   activity*	   get	  emotion*	  
Strong	  –	  weak	  
Fragrant	  –	  foul	  
Heavy	  –	  light	  
Tense	  –	  relaxed	  
Pleasant	  –	  unpleasant	  
	  
Valuable	  –	  worthless	  
Cowardly	  -­‐	  brave	  
Hot	  –	  cold	  
Rugged	  –	  Smooth	  
Sweet	  -­‐	  Bitter	  
Fig	  187	   The	  underlying	  dimension	  coming	  out	  of	  the	  Factor	  Analysis	  
Osgood	  et	  al	  explained	  dimensions	  such	  as	  potency	  with	  a	  survival	  factor	  –	  
judgements	  have	  to	  be	  made	  on	  how	  fast	  an	  opponent	  will	  be,	  for	  example.	  They	  will	  
also	  have	  to	  be	  evaluated	  as	  to	  how	  dangerous	  they	  are	  going	  to	  be.	  As	  part	  of	  the	  
data	  analysis	  described	  in	  this	  chapter,	  this	  has	  been	  adapted	  to	  factors	  more	  related	  
to	  touch.	  For	  example,	  the	  dimension	  PHYSICAL	  involves	  a	  distanced	  view	  of	  the	  
physical	  description	  of	  a	  texture	  (originally	  potency).	  The	  dimension	  FUNCTION	  is	  a	  
judgement	  on	  how	  useful	  a	  material	  is	  going	  to	  be	  for	  a	  certain	  purpose	  (originally	  
evaluative).	  The	  dimension	  EMOTIONAL	  is	  the	  one	  closest	  to	  one’s	  body	  and	  
potentially	  the	  one	  with	  the	  most	  impact	  –	  it	  makes	  a	  judgement	  on	  what	  the	  
material	  is	  going	  to	  mean	  to	  the	  person	  perceiving	  it	  (originally	  activity).	  
Coding	  Data:	  Questionnaire	  
The	  coding	  of	  the	  questionnaires	  was	  not	  as	  straightforward	  as	  the	  Semantic	  
Differential.	  This	  part	  is	  actually	  a	  sensitive	  and	  fragile	  step	  in	  the	  procedure,	  where	  
great	  care	  has	  to	  be	  taken	  to	  remove	  researcher's	  bias.	  A	  coding	  system	  that	  is	  too	  
simple	  could	  easily	  generate	  pre-­‐determined	  results.	  On	  the	  other	  hand,	  a	  system	  is	  
required	  that	  allows	  the	  data	  to	  be	  reduced	  to	  underlying	  components,	  in	  order	  to	  
be	  able	  to	  say	  anything	  about	  it	  at	  all.	  
Initial	  Reading	  
Mostly	  I	  concentrated	  on	  the	  answers	  given	  to	  the	  questions	  about	  touch	  memory.	  
In	  the	  coding	  it	  did	  not	  matter	  much	  whether	  the	  questions	  were	  referring	  to	  life	  
memories	  or	  Haptic	  Box	  inspired	  memories,	  as	  they	  were	  all	  memories	  relating	  to	  
touch.	  The	  answers	  were	  read	  very	  carefully	  and	  I	  noted	  down	  words	  written	  by	  
	  
	  E-­‐39	  
participants,	  which	  described	  concepts	  within	  their	  touch	  memories.	  These	  words	  
were	  then	  rated	  on	  frequency	  (how	  often	  they	  appeared	  in	  the	  answers	  among	  all	  
participants).	  
The	  concepts	  that	  appeared	  the	  most	  were:	  
	  
≥6	  times:	   Comfort,	  Love,	  Warmth,	  Sensuality,	  Safety,	  
Happiness,	  Pain,	  Intimacy	  
	  
≥3	  times:	   Care,	  Friendship,	  Excitement,	  Joy,	  Sadness,	  
Familiarity,	  Relaxation,	  Cold,	  Remembrance,	  
Fear,	  Affection,	  Sexuality,	  Curiosity,	  
Closeness,	  Reassurance,	  Reality	  
	  
≥1	  times:	   Pleasure,	  Recognition,	  Desire,	  Hate,	  Interest,	  
Disgust,	  Trust	  
Fig	  188	   Concepts	  emerging	  from	  the	  Haptic	  Box	  Questionnaire	  data	  
This	  is	  a	  list	  of	  various	  concepts,	  mostly	  emotional,	  that	  were	  mentioned	  across	  all	  
the	  questionnaires,	  in	  answer	  to	  the	  question	  asking	  to	  describe	  touch	  memories.	  
This	  is	  to	  give	  an	  overview	  on	  the	  sort	  of	  themes	  that	  seem	  relevant	  in	  peoples’	  
touch	  memories.	  
	  
Sensuality	   Anger	  
Comfort	   Excitement	  
Safety/Security	   Sympathy	  
Happiness	   Reality	  
Melancholy	   Freedom	  (Water)	  
Confusion	   Surprise	  
Familiarity	   Sensation	  
Stability	   Joy	  
Love	   Trust	  
Pain	   Harmony	  
Relaxation	   Social	  Unity	  
Warmth	   Annoyance	  
Cold/Cool	   Questioning	  
Pleasure	   Intrigue	  
Remembrance	   Fascination	  
Insecurity	   Wondering	  
Fear	   Dependence	  
Protection	   Reassurance	  
Death	   Disgust	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Affection	   Release	  
Care	   Awareness	  
Friendship	   Repulsion	  
Sexual	   Arousal	  
Contentment	   Discomfort	  
Recognition	   Shock	  
Intimacy	   Tenderness	  
Desire	   Support	  
Anxiety	   Concern	  
Hate	   Passionate	  
Emptiness	   Sentimental	  
Sensitivity	   Kindness	  
Interest	   Connectedness	  Belonging	  
Unwanted	   Maternal	  
Curiosity/Inquisitive	   Acceptance	  
Closeness	   Rejection	  
Geborgenheit	   Guidance	  
	   Worry	  
Fig	  189	   Concepts/Feelings	  mentioned	  in	  questionnaires	  (touch	  memories)	  
The	  question	  is	  how	  can	  these	  emotions	  reasonably	  quantified?	  Is	  the	  number	  of	  
listed	  emotions	  interesting,	  or	  is	  it	  the	  kind	  of	  emotions	  that	  give	  more	  insight.	  What	  
information	  within	  the	  memories	  is	  codeable	  at	  all?	  The	  other	  noticeable	  
phenomenon	  in	  the	  answers	  was	  that	  the	  memories	  could	  be	  differentiated	  into	  
people	  remembering	  using	  touch	  for	  a	  cognitive	  purpose,	  i.e.	  examining	  something,	  
picking	  something	  apart,	  learning	  a	  skill,	  or	  whether	  they	  remember	  using	  touch	  as	  
part	  of	  an	  emotional	  exchange	  i.e.	  give	  a	  hug,	  be	  disgusted.	  The	  themes	  mentioned	  
most	  often	  seemed	  to	  be	  parents,	  children,	  pets,	  clothes	  and	  the	  environment.	  
Questionnaire	  Coding	  system	  
The	  answers	  to	  the	  questions	  were	  clustered	  into	  broad	  categories,	  which	  seemed	  to	  
encompass	  most	  possible	  answers.	  For	  example,	  the	  question	  “List	  one	  of	  your	  touch	  
memories”	  could	  result	  in	  an	  answer,	  involving	  a	  person,	  an	  object	  or	  a	  life	  form	  –	  
meaning	  an	  animal	  or	  a	  plant.	  Within	  this	  classification,	  the	  memory	  was	  further	  
categorized	  as	  to	  the	  nature	  of	  touch	  interaction	  –	  was	  touch	  used	  as	  part	  of	  an	  
activity?	  Was	  touch	  employed	  to	  gain	  some	  information?	  Was	  touch	  the	  channel	  to	  
receive	  or	  send	  out	  an	  emotional	  feeling?	  
What	  FEELING	  associated	  with	  touch	   positive	  emotion,	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negative	  emotion,	  	  
security,	  	  
non-­‐security	  
List	  a	  touch	  MEMORY	   PERSON	  -­‐	  activity/information/emotion	  
OBJECT	  -­‐	  action/information/emotion	  
LIFEFORM	  -­‐	  action/information/emotion	  
What	  was	  COMMUNICATED	  in	  the	  
memory	  
emotion	  in	  self	  -­‐	  positive/negative	  
emotion	  from	  "other"	  -­‐	  positive/negative	  
gives	  information	  
Was	  it	  FUZZY	  of	  PRECISE	   fuzzy/precise	  
Fig	  190	   Coding	  System	  for	  the	  Haptic	  Box	  Questionnaire	  
This	  coding	  system	  was	  devised	  by	  looking	  at	  the	  data	  gathered	  in	  the	  Haptic	  Box	  
study,	  as	  described	  above	  –	  it	  was	  not	  derived	  from	  any	  theoretical	  foundations.	  
Interestingly,	  parallels	  have	  been	  found	  with	  the	  theoretical	  foundations	  that	  do	  
exist	  -­‐	  i.e.	  the	  philosophy	  of	  touch	  models	  by	  Weber	  (see	  chapter	  2.2.3).	  There	  does	  
seem	  to	  be	  a	  difference	  in	  the	  memories	  recounted	  on	  the	  questionnaire	  in	  relating	  
via	  touch	  to	  objects	  in	  a	  more	  task-­‐related	  way,	  or	  to	  people	  in	  a	  more	  emotional	  
manner.	  
Statistical	  analysis	  and	  interpretation	  of	  results	  
Looking	  at	  the	  questionnaires	  and	  relationships	  between	  variables	  in	  the	  coded	  data.	  
Chi-­‐square	  analyses	  show	  the	  relationships	  between	  answers	  to	  the	  various	  
questions	  on	  questionnaires	  Q1	  and	  Q2.	  This	  results	  in	  a	  Crosstabulation.	  Exceptions	  
are	  where	  there	  are	  either	  too	  few	  cases	  found,	  or	  where	  the	  answers	  seem	  
uncodeable.	  Some	  of	  these	  will	  be	  listed	  in	  the	  table	  below.	  
	  
Index	   Percentage	   Clause	  A	   Clause	  B	  
1	   88%	   people	  who	  do	  not	  mention	  
emotion	  in	  themselves	  
do	  mention	  receiving	  
information	  
2	   87%	   people	  who	  do	  not	  mention	  
emotion	  in	  themselves	  
do	  not	  mention	  non-­‐
security.	  
3	   84%	   do	  mention	  negative	  
emotion	  
do	  not	  mention	  emotion	  
from	  others	  
4	   71%	   Do	  mention	  an	  action	   Do	  mention	  emotion	  in	  self	  
5	   86%	   do	  mention	  life	  form/person	   Do	  mention	  emotion	  in	  self	  
6	   60%	   Do	  mention	  object	   Do	  mention	  emotion	  in	  self	  
7	   59%	   Do	  mention	  a	  life	   Do	  mention	  emotion	  from	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form/person	   other	  
8	   27%	   Do	  mention	  an	  object	   Do	  mention	  emotion	  from	  
other	  
9	   48%	   Do	  mention	  life	  
form/person	  
Does	  give	  information	  
10	   77%	   Do	  mention	  an	  object	   Does	  give	  information	  
11	   68%	   Do	  mention	  life	  
form/person	  
Does	  give	  info	  and	  emotion	  
13	   61%	   Does	  mention	  object	   Involves	  action	  
14	   73%	   Does	  mention	  emotion	  in	  
self	  
Does	  not	  mention	  
information	  
15	   68%	   Does	  not	  mention	  emotion	  
in	  self	  
Does	  not	  mention	  
information	  
16	   100%	   Does	  mention	  emotion	  from	  
others	  
Does	  not	  mention	  
information	  
17	   36%	   Does	  mention	  negative	  
emotion	  
Does	  mention	  life	  form	  
18	   64%	   Does	  mention	  negative	  
emotion	  
Does	  mention	  object	  
19	   25%	   Does	  mention	  negative	  
emotion	  
Does	  mention	  emotion	  from	  
others	  
20	   75%	   Does	  mention	  negative	  
emotion	  
Does	  not	  mention	  emotion	  
from	  others	  
Fig	  191	   Significant	  Results	  
Understanding	  Objects	  
From	  this	  study,	  objects	  are	  typically	  mentioned	  in	  stories	  relating	  to	  tasks	  and	  
function	  information,	  e.g.	  wrapping	  presents,	  which	  involves	  an	  activity	  and	  
information.	  Or	  selecting	  clothes	  while	  shopping,	  which	  involves	  receiving	  
information.	  Result	  13	  shows	  a	  high	  correlation	  between	  both	  objects	  and	  an	  action	  
being	  in	  the	  same	  story.	  Result	  10	  and	  9	  show	  a	  preference	  of	  remembering	  
information	  in	  relation	  to	  objects,	  rather	  than	  in	  relation	  to	  people	  or	  life	  forms.	  
We	  are	  more	  likely	  to	  have	  a	  negative	  emotion	  when	  associated	  with	  an	  object	  as	  
opposed	  to	  a	  life	  form	  or	  person.	  This	  may	  be	  an	  instinctual	  reaction	  to	  the	  tactile	  
qualities	  of	  objects	  as	  part	  of	  our	  evolutionary	  survival.	  Object-­‐related	  experiences,	  
which	  are	  negative,	  may	  be	  important	  to	  recall,	  as	  they	  could	  be	  touch	  parameters	  
warning	  of	  'danger'	  (like	  visual	  signals	  of	  poison	  and	  pain	  in	  nature).	  It	  may	  signal	  
some	  form	  of	  danger,	  but	  also	  quite	  likely	  is	  that	  in	  a	  research	  situation	  (such	  as	  this)	  
the	  subjects	  are	  more	  likely	  to	  share	  negative	  experiences	  involving	  objects.	  This	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may	  be	  because	  the	  memories	  involving	  people	  could	  be	  too	  difficult	  to	  expose	  i.e.	  
they	  may	  be	  inhibited.	  This	  is	  supported	  in	  particular	  by	  17	  and	  18	  where	  nearly	  
twice	  as	  many	  subjects	  were	  likely	  to	  mention	  a	  negative	  emotion	  in	  relation	  to	  a	  
memory	  involving	  an	  object	  as	  opposed	  to	  a	  memory	  involving	  a	  life	  form	  or	  person.	  	  
Understanding	  People	  
More	  subjects	  who	  relate	  emotionally	  to	  others	  via	  touch	  do	  not	  recall	  any	  negative	  
emotions	  19	  (low).	  On	  the	  other	  hand,	  the	  subjects	  who	  mention	  negative	  emotion,	  
more	  of	  them	  do	  not	  mention	  receiving	  negative	  emotions	  received	  from	  others	  20.	  
As	  mentioned	  before,	  negative	  touch	  experiences	  related	  to	  people	  may	  not	  be	  
easy/desirable	  to	  be	  recalled.	  	  17	  (low),	  3,	  	  
People	  who	  don’t	  talk	  about	  emotions	  in	  themselves	  also	  do	  not	  mention	  anything	  
related	  to	  comfort,	  or	  feeling	  non-­‐secure	  to	  be	  precise	  2	  (non-­‐security	  is	  negative).	  
Could	  this	  be	  taken	  as	  evidence	  to	  suggest	  that	  we	  are	  more	  likely	  to	  associate	  
inanimate	  objects	  with	  negative	  emotions	  through	  touching	  them?	  Or	  does	  it	  
(merely)	  indicate	  a	  preference	  of	  certain	  people,	  i.e.	  somebody	  more	  tactile	  
defensive	  or	  somebody	  less	  tuned	  to	  receiving	  cues	  from	  other	  people	  in	  this	  way.	  It	  
is	  unclear	  at	  this	  stage	  whether	  this	  is	  a	  genetic	  disposition	  or	  personal	  preference.	  
Human	  touch	  can	  be	  both	  positive	  or	  negative,	  depending	  on	  whether	  welcome	  or	  
not,	  it	  can	  be	  more	  fluid	  –	  the	  data	  in	  this	  study	  does	  not	  show	  much	  association	  
with	  negative	  emotions	  where	  human	  touch	  is	  involved,	  however	  this	  cannot	  be	  
generalised.	  	  
Questionnaire	  Discussion	  of	  Results	  
From	  the	  results	  of	  the	  questionnaire,	  several	  emotional	  concepts	  that	  emerge	  
within	  touch	  memories	  have	  been	  listed.	  These	  were	  coded	  into	  whether	  they	  were	  
positive	  or	  negative	  memories,	  and	  whether	  they	  involved	  the	  concept	  of	  security	  or	  
not.	  The	  answers	  were	  also	  coded	  into	  whether	  the	  touch	  memory	  involved	  a	  
person,	  an	  object	  or	  a	  life	  form	  (an	  animal,	  or	  a	  plant).	  There	  were	  three	  types	  of	  
interaction	  that	  were	  mentioned	  by	  the	  subjects:	  one	  would	  perform	  an	  action	  with	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either	  of	  the	  above	  (i.e.	  wrestle	  a	  sibling,	  climb	  a	  tree)	  or	  one	  would	  receive	  an	  
information	  (i.e.	  fumble	  for	  a	  light	  switch)	  or	  receive	  an	  emotion	  (i.e.	  feel	  the	  anxiety	  
of	  a	  dog	  while	  petting	  him).	  To	  the	  question	  whether	  the	  subjects	  thought	  anything	  
was	  communicated	  to	  them	  in	  their	  memory,	  the	  coding	  categories	  were	  chosen	  to	  
differentiate	  between	  whether	  an	  emotion	  was	  triggered	  in	  one’s	  self	  (positive	  or	  
negative),	  whether	  an	  emotion	  was	  received	  or	  caused	  by	  another	  (positive	  or	  
negative),	  or	  whether	  one	  received	  some	  information.	  
Several	  statistical	  analyses	  were	  performed,	  finally	  arriving	  at	  a	  Chi-­‐square	  analysis,	  
which	  has	  been	  interpreted	  by	  looking	  at	  some	  of	  the	  significant	  crosstabulations.	  
For	  example,	  people	  who	  mention	  negative	  emotions	  in	  their	  touch	  memory	  are	  less	  
likely	  to	  mention	  security	  or	  comfort.	  Does	  this	  mean	  people	  have	  had	  bad	  or	  one-­‐
dimensional	  experiences?	  Or	  do	  they	  simply	  present	  sensory	  preferences.	  Questions	  
such	  as	  these	  will	  probably	  be	  better	  tackled	  with	  a	  structured	  interview	  or	  a	  
personal	  account	  in	  form	  of	  narrative	  in	  future	  studies.	  This	  may	  result	  in	  more	  
detailed,	  rich	  data	  about	  factors	  mentioned	  in	  relation	  to	  touch	  memories	  and	  
emotions.	  However,	  for	  this	  study	  it	  was	  sufficient	  to	  provide	  an	  overview	  of	  the	  
likely	  concepts	  that	  will	  emerge.	  	  
The	  questionnaire	  data	  could	  all	  be	  interpreted	  to	  give	  evidence	  to	  the	  hypotheses	  
that	  objects	  are	  less	  likely	  to	  communicate	  emotions,	  and	  are	  more	  likely	  to	  be	  
remembered	  for	  their	  informational	  value,	  like	  in	  the	  assistance	  of	  fulfilling	  tasks.	  
However,	  this	  will	  depend	  largely	  on	  context	  and	  personal	  history.	  It	  may	  for	  
example	  be	  overridden	  by	  the	  phenomenon	  of	  giving	  objects	  as	  gifts	  -­‐	  this	  is	  done	  by	  
one	  person	  from	  the	  next	  with	  the	  intent	  of	  communicating	  something,	  something	  
beyond	  the	  haptic	  experience	  but	  nonetheless	  associated	  to	  it.	  The	  object	  here	  
becomes	  an	  object	  of	  communication	  and	  could	  appear	  in	  a	  touch	  memory	  as	  
associated	  with	  emotions.	  	  
People	  however	  are	  more	  often	  remembered	  for	  an	  emotional	  exchange.	  Negative	  
emotions	  were	  less	  often	  mentioned	  in	  relation	  to	  this.	  It	  is	  possible	  that	  subjects	  
were	  less	  likely	  to	  recount	  this	  experience,	  or	  less	  willing	  to	  share	  those.	  	  On	  the	  
other	  hand,	  it	  is	  also	  possible,	  that	  a	  negative	  experience	  with	  an	  object	  is	  more	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PinKom:	  Outcome	  of	  User	  Research	  
Couple	  A:	  	  Asynchronous	  Messages	  
Couple	  A	  is	  a	  male	  and	  a	  female.	  At	  the	  time	  of	  the	  experiment,	  they	  were	  in	  their	  
late	  30s,	  had	  been	  together	  for	  about	  2	  years,	  and	  had	  been	  married	  almost	  a	  year.	  	  
The	  male	  partner	  is	  a	  web	  designer	  and	  the	  female	  partner	  is	  a	  jewellery	  designer.	  
She	  has	  not	  shown	  any	  interest	  in	  digital	  technology	  so	  far,	  but	  is	  obviously	  
professionally	  comfortable	  with	  more	  mechanical	  tools	  and	  devices.	  Also,	  she	  has	  
just	  embarked	  on	  a	  BSc	  in	  Biomedical	  Sciences.	  
Pictures	  taken	  by	  the	  couple	  and	  notes	  left	  in	  the	  book,	  explaining	  the	  haptic	  
messages/pictures	  of	  those	  messages:	  
	  




Fig	  193	   Couple	  A:	  "Reaction	  to	  tits."	  	  
	  
Fig	  194	   Couple	  A:	  "Finger	  pointing	  to:"	  (next	  picture)	  
	  




Fig	  196	   Couple	  A:	  "Sad	  nose.	  I	  had	  a	  cold	  and	  suspected	  I	  could	  get	  lots	  of	  sympathy	  and	  attention	  if	  I	  did	  
picture."	  
	  
Fig	  197	   Couple	  A,	  Picture	  6:	  "Pic	  also	  demonstrates	  the	  areas	  in	  which	  I	  was	  uncomfortable.	  (Sympathy	  only	  
slight)"	  
	  




Fig	  199	   Couple	  A,:	  "His	  distended	  stomach	  -­‐	  he	  ate	  too	  much	  tea."	  
	  
Fig	  200	   Couple	  A:	  "Heart.	  He	  loves	  me!"	  
Couple	  B:	  Asynchronous	  Messages	  
Couple	  B	  is	  a	  couple	  in	  their	  early	  30s,	  and	  at	  the	  time	  of	  the	  experiment	  had	  been	  
together	  for	  almost	  ten	  years.	  The	  female	  partner	  is	  a	  web	  designer,	  and	  the	  male	  
partner	  is	  an	  educational	  technologist,	  presently	  pursuing	  an	  MSc	  in	  Entertainment	  
Technology.	  Throughout	  their	  path	  together,	  often	  work	  together	  on	  projects	  for	  
academic	  or	  freelance	  purposes	  and	  enjoy	  debating	  new	  ideas.	  
Pictures	  taken	  by	  the	  couple	  and	  notes	  left	  in	  the	  book,	  explaining	  the	  haptic	  




Fig	  201	   Couple	  B,	  Male:	  "I	  LOVE	  YOU	  –	  represents	  two	  people"	  
	  
Fig	  202	   Couple	  B,	  Female:	  "I	  LOVE	  YOU–	  represents	  heart,	  area	  where	  emotion	  is	  felt"	  
	  




Fig	  204	   Couple	  B,	  Female:	  "I	  miss	  you	  –	  Separation	  by	  wall/barrier"	  
	  
Fig	  205	   Couple	  B,	  Male:	  "I	  am	  happy"	  
	  
. 	  




Fig	  207	   Couple	  B,	  Male:	  "I	  am	  angry"	  
	  
Fig	  208	   Couple	  B,	  Female:	  "I	  am	  angry"	  
	  
	  




Fig	  210	   Couple	  B,	  Female:	  "I	  am	  sorry"	  
	  
Fig	  211	   Couple	  B,	  Male:	  "Why	  aren't	  we	  at	  the	  football!?"	  
	  




Fig	  213	   Couple	  B,	  Male:	  "Force"	  
	  
Fig	  214	   Couple	  B,	  Female:	  "Distance"	  
	  
	  




Fig	  216	   Couple	  B,	  Female:	  "Community"	  
 
Couple	  C:	  Asynchronous	  Messages	  
Couple	  C	  is	  a	  male	  and	  a	  female,	  her	  in	  her	  early	  30s	  and	  he	  is	  in	  his	  late	  30s.	  They	  
have	  been	  together	  for	  about	  two	  years.	  He	  is	  a	  graphic	  designer	  and	  she	  is	  an	  
accountant.	  She	  is	  very	  adept	  at	  craft	  skills	  and	  is	  privately	  always	  working	  on	  
creative	  projects,	  such	  as	  making	  costumes	  or	  birthday	  presents.	  He	  also	  enjoys	  
putting	  his	  creative	  skills	  to	  use	  outside	  of	  work,	  by	  producing	  posters	  for	  local	  
events	  and	  designing	  cards	  for	  any	  occasion.	  They	  are	  probably	  the	  least	  'digital	  
media	  literate'	  of	  all	  the	  couples,	  but	  no	  less	  creative.	  They	  are	  the	  only	  couple	  in	  
this	  study	  who	  are	  not	  co-­‐habiting.	  
	  




Fig	  218	   Couple	  C:	  Using	  a	  candle	  as	  a	  'stamp'	  to	  create	  a	  shape	  of	  a	  cube	  	  
	  
Fig	  219	   Couple	  C:	  Using	  a	  decorative	  wine	  foil	  cutter	  as	  a	  'stamp'	  	  
	  
Fig	  220	   Couple	  C:	  Creating	  a	  heart	  shape	  on	  the	  PinKom	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MEDIATE is a multi-sensory environment design for an interface between autistic and typical 
expression. It was designed as a space for creative expression and exploration via three sensory 
interfaces: visual, aural and tactile. The interaction with this digitally augmented world is under the 
child's control allowing them a sensory dialogue. It is as much a space for the user with autism to enjoy 
as an interface for relatives and carers to observe interactions and expressions.  
 
MEDIATE is the outcome of a collaboration between Designers, Programmers and Psychologists from 
Spain, the Netherlands and the UK and was funded by the European Community. The expert psychology 
team on child development and autism informed the design process, which was essentially user-
centred. The resulting outcome is successful for other user groups, but has benefited, in usability and 
innovation, from being constrained to a specific and challenging user group.  
Multi-sensory, responsive, environment, autism, expression, digital, non-invasive, interface, psychology, interaction, pattern 
detection. 
 
FIGURE 1: Panoramic view of the MEDIATE space 
 
1. MEDIATE OVERVIEW 
MEDIATE is a multi-sensory environment developed specifically for children with autism and limited or non-existent 
verbal skills. It is multi-sensory in the sense that it integrates visual, aural and touch via an input and output 
system. The environment is intended for one user at a time and the user creates feedback by movement, touch 
and making sounds. Carers or parents are not encouraged to facilitate or prompt interaction, although observation 
is recommended as part of the process to forge an understanding of the autism perspective.  
 
The interaction consists of a dialogue between the child and the environment - when a child first enters the space, 
his/her body creates feedback that is directly related to the responses one would find in the physical world. This is 
to help the child find confidence in their explorations and to become aware that their actions and their bodies are 
having a direct effect. Once they have investigated a certain area, the feedback will become less direct and more 




Designing interactive systems for a challenging user group such as children with autism has focussed on 
developing therapeutic and/or educational applications (e.g. [1], [2], [3]). The psychologists on our team believe 
that our understanding of autism does not yet permit us to aim for such ambitious goals. This environment was not 
intentionally designed as a therapy for autism, although it was hoped that time spent being engaged in a sensory 
dialogue and experiencing a sense of agency is enjoyable and valuable time and might therefore offer benefits that 
could be called therapeutic in a sense. Fundamentally, MEDIATE is a space for the child with autism to be free 
from demands to fit into a neuro-typical world they usually find difficult to understand. Also, it allows us to observe 
and discover the way they shape their world through sensory interaction when engaged in this space. 
 
In MEDIATE, sensory input can be controlled - the reducing or increasing of sensory input and the choice between 
different modalities is left entirely up to the user. It is designed as a space for children with autism to relax and 
have fun, discover a world in which they are in charge and find a method of releasing and expressing themselves 
through sensory channels [4], [5]. We had set a holistic design brief that proved strong enough to translate across 
all the developers involved, and the components integrated well into an inviting and satisfying responsive 
environment. It has the potential of being a research platform, a place of enjoyment and of developing its 
components for the sensory products market. The complex nature of the project meant that several lessons can be 
learned, including methodologies, design of specific artefacts and development of technology.   
2. ACESSIBLE DESIGN: PHYSICAL FEATURES AND INITIAL RESPONSES 
The environment itself is a space with six walls, two of which are back-projected screens. On entering, we 
immediately see the two screens come to life, detecting our presence by displaying a crude outline of our 
silhouette. We also notice the floor, which amplifies our footsteps with a crunchy sound feedback. To the right we 
find the “Tune Fork” mounted on the wall. This is a branched bas-relief structure covered in different textures. It is 
in the shape of a tune fork to motivate users to run their hands along it, to physically stretch themselves to reach 
the upper parts as well as providing smaller users access via the lower part. It reacts to our touch by sound 
feedback generated from microphones behind the textures. Between the two screens is the “Impression Wall” 
which consists of three cushioned shapes that allow the whole body to lean against and between. The shapes are 
foam-padded and provide vibratory feedback. Both “Tune Fork and “Impression Wall” are designed to be inviting to 
touch and exploration. Microphone coverage can detect audio input such as singing or clapping and the space 








2.1 Technologies and Developments: Physical Space 
There are numerous technologies that were customized or developed for use in MEDIATE that can benefit the 
general issue of inclusive design. Even though autism is considered a social or developmental disorder, physical 
disabilities were also considered throughout. Wheelchair access was enabled by a ramp. MEDIATE accomplishes 
a natural language of interaction via gestures, making it possible for users to access the digital world without prior 
training or any particular literacy. This environment was also designed to be transportable in order to facilitate user 
studies in three different countries.  
2.1.1 Visual System 
As we could not predict the acceptance for a given individual of additional clothing, attached transmitters or 
handheld devices, and did not wish to exclude those adverse to them, our detection system - whilst responding to 
full-body interaction - had to be non-invasive.  
 
Movement of limbs, posture and position makes the whole environment responsive, however this sensing is 
accomplished through the 'Eyes-Web' system developed for MEDIATE by the originators (A. Camurri) [6] and the 
Institut Universitari de l'Audiovisual, Universitat Pompeu Fabra partners, which demanded extraordinary infrared 
illumination. A network of lighting tracks was devised with predetermined, accurately located fixing points onto the 
outer roof frame. To obtain useful images at the size of the 3 metre wide interactive displays, high brightness 
projectors with rear projection screens were required. To maintain high contrast and colour purity, the rear 
projection techniques require a virtual blackout in the ‘booth’ – i.e. the area behind the screen. To keep within the 
imposed space, very wide-angle lenses and large mirrors were employed to attain the necessary geometry. The 
two screens are touch responsive. To obtain the desired interactive response, the Eyes-web system ingeniously 
used signals derived from infrared cameras. These were placed directly in line alongside the projection equipment. 
The proximity and actions of the participant are correlated with the visual effects by observing their shadow.  
2.1.2 Interactive Floor 
Providing access by spatial movement, the floor is an electronic system that provides information to the central 
system's ‘brain’, to determine the user's approximate position in space. It also provides a signal that is used to 
directly generate amplified footstep sounds or act as a trigger for other synthesised or sampled signals to reflect 
the nature of the participant’s actions.  
 
The floor is a completely modular construction - each section no bigger than one metre square. Each panel would 
be required to withstand the necessary load bearing, capable of carrying the necessary electronic interfaces, 
raised from the base floor in order to create a free space for cableways beneath, and all sections had to be 
capable of firmly locking into position to create an apparently continuous surface. It was also desirable that the 
floor should exhibit a slightly ‘springy’ step. Thus the considerations were both in respect of the physical 
construction itself and the need to accommodate the necessary electronic interfaces; whilst allowing direct body 
contact with the floor to provide response at a resolution where cause and effect were obvious over its entire 
surface. 
 
FIGURE 3: The interactive floor in construction 
 
 
Each floor panel section was equipped with an electro-mechanical device to develop a ‘tone’ when compressed by 
a footstep which can be amplified directly to provide a sound similar to footsteps on a gravel path or, by means of 
an adjustable noise gate, provide midi information to key external devices. A special pre-amplifier capable of 
responding at sub-sonic frequencies was developed.  Also, it was determined that these pre-amplifiers should be 
capable of deriving their power from a 48v ‘phantom’ source. This enabled each unit to be connected to the audio 
equipment via a single standard XLR plug and socket arrangement. A ‘sandwich’ construction method of marine 
ply, neoprene foam with an m.d.f. top plate was chosen for the floor.  
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2.1.3 Tune Fork 
  
FIGURE 4: The Tune Fork 
 
This is a new design to integrate interactive textures, which can be explored tactually and create musical 
responses. The interactive element has the same basic irregular shape as a cleft branch of a tree, but with the 
surface incorporating differing materials, thereby exhibiting various textures. The shape was designed to 
encourage movement and touch, i.e. running your hands along it and tapping. The materials join seamlessly and 
the whole item is interfaced electronically for touch response. A number of desirable textures (wood, bark, cork, fur, 
suede, metal, plastic, felt, studded rubber) were determined along the theme rough/smooth, incorporating organic 
and synthetic materials. A method of forming these to the required shape was developed. This involved forming 
individual moulds for each section and injecting polyurethane foam about a pre-shaped rigid 'back-bone'.  
Response to touch was achieved by employing small transducers imbedded into the foam close to the final 
surface. These were analogue devices and the signals obtained were to be directly amplified to produce an audible 
sound. In order to achieve sufficient ‘gain’, particularly at very low frequencies, a special pre-amplifier had to be 
developed. This device was similar to the transducers located in the floor panels (as described above). The basic 
analogue signals (pulses) derived from the ‘Tune Fork’ were also used to ‘trigger’ other electronic sounds and the 
computerised response management systems – all thereby increasing the potential range of reactions to the 
participant's initial touch. Again, as with the floor, but with variation and higher response resolution the guiding 
principle was gaining awareness of cause and effect in this area specifically with hand contact. 
2.1.4 Impression Wall 
 
FIGURE 5: The Impression Wall 
 
The Impression Wall provides vibro-tactile feedback by leaning against it. This feature offers a direct, proportional 
response to touch/pressure in the form of vibration of variable intensity (amplitude) and frequency. A series of 
vertical soft rounded snaking tubes were fitted with both sensors and vibrators. Due to the close proximity, a 
mechanical method for preventing feedback between the two elements was devised. Amplifiers specially biased for 
reproduction of low and sub-sonic frequencies were commissioned. The design arrangement was generated to 
enable semi-body envelopment, so that this area could subtly ‘hug’ the participant. 
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2.1.5 Sound System 
The sound system was devised so that 3 dimension “surround-sound” effects could be generated - the aural image 
could appear to be at any position horizontally and vertically. It was determined that this could be achieved 
economically by employing eight loudspeakers arranged with four at floor level and four at the maximum available 
height. An 8-channel amplifier provided the power for these loudspeakers. A loudspeaker was chosen that was 
affordable (particularly important when multiplied by a factor of 8), offered a reasonable response and, was of a 
style that could be rapidly flush mounted against the wall panels. In order to further assist with on-site construction, 
the standard connectors were removed and rugged XLR style plug / sockets were fitted. Here as before we were 
particularly keen to give sound localisable feedback to reinforce the immediacy and intimacy of cause and effect, 
the necessary precursor to evoke a sense of ‘agency’ for the participant. 
3. ACCESSIBLE DESIGN: USER DRIVEN DIALOGUE 
We started our design work with the knowledge that people with autism often display repetitive behaviour and by 
assuming that this repetition will increase when they are feeling uncomfortable or when they are disengaged from 
their immediate surroundings. We also assumed that being engaged with a situation, for this user group, usually 
meant it was enjoyable and we further assumed that continuing engagement was only likely if the user felt in 
control – experiencing a sense of ‘agency’. It was therefore decided that the environment should discourage 
repetitive behaviour. We have to add here that we were designing for a user group that would not be able to tell us 
verbally what they liked and disliked: so called low function autism. 
 
In order to keep coherence within the interaction, the system reacts to repetition by dimming down its feedback 
effects. Therefore the user does not associate repetitive behaviour with any particular effect, but rather with a 
process. At the design stage, there were concerns that an environment such as this could provide too much 
sensory stimulation, if crude amounts of activity led to greater effects. However the ‘repetition = dimming’ formula 
has the benefit that should the user be uncomfortable, he/she has the option of calming it. 
 
However, if the user chooses to be novel in her/his behaviour, the environment’s responses will become more 
complex, abstract and cross-modal.  
 
The environment reacts to every user on the basis of their own particular set of idiosyncrasies and preferences.  
This is made possible by MEDIATE’s real time pattern detection software “Signature Analyzer”, which feeds data to 
a “Decision Maker”, which determines the environment’s response: a) ‘evolution’ - or b) ‘dimming’. 
 
This is the core essential to the project’s approach. Bodily movements and sensor activation provide the input to 
“Signature”, which primarily then creates a database of found behaviour patterns and their frequencies of 
occurrence. This in turn is used to alter the environment’s state and the course of its evolution: found patterns are 
used to structure feedback; high levels of repetition lead to little change in the environment as opposed to low 
levels that are likely to allow environment change. 
 
After an initial ‘learning’ period where patterns for this particular user, in this particular session are stored, 
“Signature” sends messages to “Decision Maker” indicating the levels of repetition/novelty being found. 
 
An example relating to the floor can best indicate the environment’s operation. As the child enters, his/her 
footsteps are amplified as a series of ‘crunches’ – like the sound made by walking through shingle on a beach, or 
treading on dry leaves. The user typically instantly recognises this sound effect as a resultant of their own walking. 
The ‘crunches’ continue whenever the child moves around. Meanwhile, “Signature” is collecting the user’s 
behaviour patterns. After a while, the environment’s “Decision Maker” asks whether there is a relatively high or low 
level of repetition at this time, as compared to this particular user’s behaviour over the whole session so far. If 
repetition is low, then the “Decision Maker” will instruct the environment to change state. In the case of this 
example, footsteps will change from being a ‘crunch’ to being a ‘pitched crunch’. The ‘pitched crunches’ now 
continue. Later, the “Decision Maker” asks itself again, based upon “Signature” data: “Is repetition low?”. If the 
answer is again “yes”, then further evolution is allowed – the ‘crunch’ drops out of the ‘pitched crunch’ leaving a 
‘musical’ floor. Analogous changes occur with respect to other parts of the environment, including cross-modal 
effects, at later stages.  
4. METHODOLOGIES: DESIGN RESEARCH AND DEVELOPMENT 
4.1 Expert Advice and Directing Aspects 
We were concerned to evolve a multi-sensory environment which was inclusive, but also investigate the potential 
to co-ordinate sensory modalities in a responsively augmented environment to enable types of expression beyond 
or different to those normally available in everyday life. Various approaches to gather such evidence have been 
attempted, one particularly fruitful way being the increasing accessibility of interactive media artists to technologies, 
which enlarge both the extent of interface engagements and the spectrum of media responsiveness. For example, 
enabling dancers’ gesture and movement to orchestrate visual and aural accompaniments [9]. MEDIATE’s 
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approach as you have read is somewhat of a reversal to that strategy, we specifically chose a user group which 
were known to have particular difficulties in developing generative interactions in daily life. 
  
Our collaborative partner, the psychology team at the Institute of Psychiatry, at Kings College London and 
Goldsmiths College London, informed us through their knowledge of sensory processing with regards to autism, 
and direct clinical experience with our user group. They felt we should concentrate on the four principal, clinically 
recognised dysfunctional aspects which reduce the potential to bring forth novel interaction. Repetitive behaviour 
and a tendency for ‘sticky’ attention characterise the first aspect hence this necessitated that our environment, at 
some level, gain an awareness of over repeating cycles in the user’s engagement. 
 
A second area where impairment of generativity occurs is in the exhibition of pretend play, however this is usually 
judged in terms of ability to make believe social situations and relationships. Social settings are particularly 
problematic for children with autism, though it is not necessary to interpret this as a psychological deficit. One 
recent theory of autism [7] stands against deficit views of the condition, by suggesting that some aspects of autism 
represent a different psychological style. Here such individuals appear to show “weak central coherence”, attending 
to parts rather than wholes, and processing information verbatim for detail rather than gist. Therefore, it is quite 
easy to understand how detailed processing may lead to overload in social settings where face, voice, action and 
so forth must be integrated and why such imaginative re-constructions are avoided by these individuals. 
 
Against this pattern of impaired function, a number of research studies suggest hidden abilities and skills in autism.  
For example, savant skills are ten times more common in people with autism than in other disabled groups - 
occurring in at least one in ten people. Autistic savants show striking abilities in the areas of art, music and number. 
Even those without known savant skills may have latent abilities that could be developed: Heaton’s research has 
shown a high incidence of perfect pitch among children with autism who have no musical training [8]. She has also 
shown their ability to respond to the emotional aspects of music, despite the difficulties these children are typically 
thought to have in emotion processing. In the area of visual art, many show fine discrimination of details and ability 
to understand and express themselves through visual imagery. So here we concluded that lack of imagination 
should be countered by giving opportunity to control image, sound and vibration by the user's movements - a 
relationship that does not occur in this way within the neuro-typical world and thus a newness and novelty that can 
'pull' new responses from the user and is not reliant on re-construction of social relationships. 
 
The third aspect of concern, symbolic competence, is shown in recent research which has tried to summarise the 
autism phenomenon as ‘mind blindness’, but this label can also be applied to those who would consider 
themselves ‘mind aware’ when they are faced with autism. There is a breakdown in the ability to read each other’s 
mind on both sides and the usual capacity for empathy is unavailable. Our users could be said to be 'locked into 
their own minds' largely because of others being ‘mind blind’ towards them. Consequently they often appear to be 
agitated and distressed. Among specialist teachers and researchers there is a general consensus and increasing 
realisation that it is appropriate to listen to individuals with autism and endeavour to give them ‘voice’. 
 
But how can you 'listen' to the completely non-social, non-speaking child? Lack of symbolic competence and this 
consequent conundrum is potentially circumnavigated we felt by allowing children with autism, through playfulness, 
interactivity and an integration of different sensory modalities, to create a sensory experience that is expressive of 
their own unique world. This framed our resolve to provide with MEDIATE a way for these individuals to build their 
own unique interactive world and show it to us so that we can more clearly understand the nature of their sensory 
world, thus opening up the possibility of dialogue in many non-verbal ways, facilitating a 'release' for them and an 
‘understanding’ for us. 
 
The fourth principal factor in curtailing generative interaction is the extent to which children with autism may have 
particular hypo- and / or hypersensitivity to sensory stimulus. For example, tolerance for a particular hue maybe 
markedly below average, whilst that for a specific band of sound frequencies maybe considerably above average. 
However, in a similar way to arguing the benefits of studying autism as a distinctive cognitive style rather than as a 
set of cognitive deficits, construing these individuals as having sensitivity differences rather than as suffering from 
sensory dysfunction is the more appropriate emphasis here. From a design perspective this meant responsiveness 
to individuals' particular hyper- and hyposensitivities, must be addressed by the capabilities of the 'signature' 
software. Although all four of these aspects could guide our design research we also understood the importance of 
individuals with first-hand experience of this condition being able to inform the on-going development. 
4.2 Participative User Study 
From the project’s outset it was intended to involve people with autism and verbal skills, higher functioning than our 
target audience, to be informants during the design process. We were particularly fortunate to build a relationship 
of trust and an effective communication channel through a 10-year-old boy and his mother. Jonathan did not 
initially speak with us and in most circumstances would ‘sign’ with his mother, as this was a less ambiguous 
communication mode. Initially he acted as a consultant in the preliminary trials with vibro-tactile designs and then 
throughout the constructive and testing of the on-going full environment developments. With participation in early 
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proto-type testing providing us with feedback, it was hoped our design iterations would then be useful even to 
people whose inner world we have no access to and who are therefore difficult to design for. The psychology team 
advised us to be careful with this method however as people with autism, as individuals, differ greatly in their 
idiosyncratic preferences and habits. One person might insist on including yellow squares at all times, while 
another might demand the same for green circles. There was the danger of particularising the environment to the 
proclivities of individuals rather than enabling a design accessible to all.  
 
The design orientation was therefore more a general vision: 
 
1) abstract – in a sense that it has no obvious connection to the social world and no figurative visual or aural 
representations, meaning no images or noises particularly referencing i.e. aeroplanes, windmills etc. 
2) direct-physical – cause and effect in a sense that the design was led by an organic, natural theme and 
responses start off with being direct amplifications of the body. The body we thought was common and 
best known to every user regardless of their level on the autistic spectrum. The realisation of the body 
being the instigator of agency over the environment was also key to MEDIATE becoming literally 
accessible to everybody. 
5. PAN-EUROPEAN GROUP COLLABORATION 
One of the most challenging yet also most rewarding aspects of MEDIATE was undoubtedly the truly 
multidisciplinary approach enabled by the EU IST funding strategy. The University of Portsmouth, UK initiated, 
coordinated and integrated the project. They also had special responsibility for the “Decision Maker” software (the 
brain of the system) and the touch interface, including sensing surfaces and vibratory feedback. The Universitat 
Pompeu Fabra, Barcelona, Spain created the visual interface, looking after the visual tracking system as well as 
designing screen responses. The Hogeschool voor de Kunsten Utrecht, The Netherlands brought their music 
technology expertise to the project by developing the sound interface, designing all the aural responses in the 
environment. They are also responsible for the “Signature analyzer”, the real time pattern detection software. Kings 
College London, UK in association with Goldsmiths College were our expert advisors on autism and user 
psychology from the start. They developed and saw through a pilot user study that was conducted in the three 
different countries MEDIATE has travelled to: UK, the Netherlands and Spain. The commercial partner responsible 
for the bespoke constructions that made MEDIATE a physical reality is Show Connections Ltd, Sussex, UK. 
 
All partners in the MEDIATE project stressed that for them, the main benefit had been working with others from 
different disciplines, from different countries, and from the differences between a commercial and an academic 
outlook. They also agreed that the main and most important outcome arising from this heterogeneity of perspective 
was a product that they would not have come close to designing or realising on their own. Additionally, there was 
agreement that a huge benefit now would be the joint continuation and exploitation of MEDIATE both for academic 
research and for the building of new MEDIATE derived environments. 
6. CONCLUSION AND FUTURE WORK 
The prototype is completed and initial reports about user reactions have been collated and submitted to the funding 
body. After being installed and showcased at different locations throughout Europe attracting over 1,000 visitors, 
the environment is now situated in our research laboratory at the University of Portsmouth, UK.  
 
With regard to our user group, there were three important objectives whose validity was assessed using 
experimental conditions – gaining a sense of agency; empathy and interpretation; promotion of creative activity. 
There were over 40 children across single sessions and we were fortunate enough to have nine children complete 
two sessions and so provide interpretable repeat data. From this we were able to conclude there was environment 
acceptance with children comfortable to (re)enter alone, that sensory modalities demonstrated agentful usage and 
some parents indicating higher than expected control from their children. Overall parental expectation altered, with 
greater enjoyment and less repetition than expected, whilst choice of modality focus was often unexpected, which 
together promoted greater likelihood of experiential exchange and parental insight. Confirmation of enhancement 
of creative activity was less easy to discern, though the environment’s fostering features, repetitive fading and 
playful prompts were successful. An independent evaluation by the National Autistic Society was also favourable – 
“from meeting with the parents and carers of children who had used MEDIATE it is clear to see that they felt it was 
a hugely beneficial experience that they would like to be able to continue to use.” 
 
With this view in mind a long-term study with young children with autism is currently on-going. Rewardingly too, the 
environment is attractive to a much larger audience than initially designed for. Designing a flexible system for a 
challenging and sometimes rigid user group has resulted in creating a rich sensory space independent from rules 
and demands of the social world. This seems to have a sometimes magic effect on people – not just children. We 
have indeed been approached by care institutions i.e. for people with profound learning difficulties, people with 
Downs syndrome or people with acute mental health problems. It was thought that a room like MEDIATE could be 
beneficial to their work. Even though a multi-sensory environment is especially of interest for people with 
disabilities whose access to sensory stimulation might be limited, the enjoyment and active engagement with it 




	   	  
 
We have all enjoyed creating MEDIATE and it was exhilarating to see the responses and hear the feedback. We 
are very pleased that the psychology research within MEDIATE is continuing and we are hoping to develop 
components of MEDIATE for the multi-sensory equipment market. 
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Abstract 
Haptic interfaces have the potential to enhance communication and interaction via the computer - 
enabling affective expressive interpersonal communication and enriching interaction by haptic 
feedback. Still, what exactly their potential is and how we can design in order to fulfil it remains 
topic of contemporary debate. My contribution to this debate shall be to place some of the current 
developments into a philosophical and cultural context and to introduce social science based 
methodologies, which will help broaden the discussion and scope of input. Through semiotic 
analysis we can predict ‘meaning making’ in haptic communication that goes beyond linguistic 
description. Examples of Haptic interfaces shall be positioned as case studies in this typology. 
Also I describe the Haptic Box and PinKom as my way of investigating a semiotic system of 
touch. In conclusion, this paper hopes to inform and catalyze the development of a haptic design 
palette. 
 
Haptic, Communication, Semiotics, Affect, Social, Culture 
Introduction 
Haptics: a Philosophical Perspective 
When designing and reflecting on designs for the haptic sense, it is important to 




approached embeds assumptions about our general ideas concerning our self in 
relation to the world and others. Both scientific and artistic development benefits 
from awareness of philosophical and cultural boundaries in order to extend or 
even side step them. 
  Ever since classical times, philosophers have discussed the senses and 
perception in relation to the self - i.e. is there a self, processing sense impressions 
received with sense organs, are the sense organs autonomous or are they 
complementary? [1] [2] Perhaps because the sense of touch is incredibly complex, 
there are not many explicit philosophical writings on the subject. Renee Weber [3] 
has attempted one in a chapter dedicated to the philosophy of touch, by drawing 
on more general ideas about the human mind, body and soul. She introduces three 
models that are generally used to define the human being and applies them to 
touch: the physical-sensory model, the psychological-humanistic model and the 
field model. After introducing her mappings, I demonstrate how different strands 
of developments in haptic research fit into these models. 
Physical-Sensory Model 
The physical-sensory model as Weber puts it "fits the aims and assumptions of 
Anglo-American philosophy" and is mainly interested in touch as pure contact, 
made up of sense impressions. In this model touch is used for contact information 
and functions cognitively, like sight or hearing.  
 Indeed, the British Empiricists in the 18th century pioneered this approach. 
Hume [4] only accepted sense impressions as real and saw ideas as merely their 
modification. Instead of a perceiving self, an organising mechanism was seen as 
more probable. Feelings were viewed as necessary only to ensure the biological 
and sociological welfare of humankind. The Rationalists [5] accepted that there 
was an inner self, but separated it from bodily sensations. The emphasis was on 
human reason creating the world from within. This dualistic view of body and 
mind has dominated western thought ever since, this is especially evident in 
medicine. In this view, the source of touch would be irrelevant and the mechanical 
can therefore replace the human. 
 This utilitarian approach can be found in haptic devices used as tools 
designed for sensory substitution. Here, the haptic device acts as a replacement of 




hazardous or hard to reach environments (e.g. drilling under the sea, performing 
minimally invasive surgery, digging on the moon). Also, haptic assistive 
technologies for people with disabilities can be classed in this category. Another 
example of devices using touch for its sense-impressions are haptic tools for 
sensory augmentation which help improve usability factors like efficiency (e.g. 
adding vibrotactile feedback to reduce task completion time and errors, helping 
user navigation). Interestingly, also haptic devices designed to support the making 
process in art and design would fit into this category. The design parameters 
available for this approach are based on simulation and attempt a 
reproduction/carbon-copy of reality: icons, realistic attributes and multiplexing of 
information are key features.  
Psychological-Humanistic Model 
Weber classes the second model, the psychological-humanistic model, as 
expressing "the concerns of contemporary European philosophy, especially 
phenomenology and existentialism", mainly concerned with humans’ interactions 
and the feelings that come with human relationships. Most philosophers within 
this tradition would see feelings like sympathy and empathy similar to, and best 
expressed through, touch, as in both acts the other is brought closer, physically 
and psychologically [6]. 
 Heidegger states that ours is not merely a rational world, but a world full 
of values and meaning. [7]. Sartre had a more negative position and saw the 
subjectivity of individuals as a threat of humans to gain control over others. He 
was very concerned with "the look" as a means of control and would probably 
have assumed that the act of touching another person is an act of caressing one's 
self. [8] The phenomenologist Merleau-Ponty saw touch as reciprocal and the line 
between touching and being touched blurred. However, he thought that through 
cognitive effort, this reciprocity could be broken - for example in the case of a 
doctor examining a patient [9]. Wyschograd [6] also admits that touch is not 
always of an affective nature and can have a cognitive function, like in an artist 
using their haptic sense to sculpt - in this case, she says, touch functions more like 
sight (utilitarian - which is why I placed haptic tools for art and design in the 
previous category). Buber [10] introduces the concept of I-It and I-Thou modes of 




and concentrates on touching acts of manipulation and handling. There is no real 
relationship and it can be classed as reductionistic and utilitarian. In the I-thou 
mode, the other is perceived as a whole and the relationship is equal and mutual. 
The touch is a means of reaching the other in a holistic sense. "Without 'It' man 
cannot live. But he who lives with 'It' alone is not a man" [10]   
This model assumes, building on the physical-sensory model, that we can also use 
touch to reach and communicate with another person. In this case touch functions 
to create a connection.  This approach can be found in Haptics projects aiming to 
facilitate communication of affect, presence and personal expression. The design 
materials here extend past copying physical actualities to incorporate signs with 
meaning: symbols and metaphors. 
Field Model 
"To treat a holistic sense such as touch within a reductionistic framework seems 
problematic to me; to see it as an expression of a general holistic framework is 
more consistent and philosophically more appealing. On these grounds, as well as 
others, the field model of touch strikes me as the most interesting and promising 
one" [3, p. 15] 
The third model, the field model, is thought by Weber to "harmonize with Eastern 
philosophy and its holistic world view". Such a model is gaining ground, as 
western science is moving from an empiricist, dualistic standpoint to accept 
theories of unity and interconnectedness like relativity theory and quantum 
mechanics. The concept "Therapeutic touch" as an outcome of compassionate 
intent is having to be discussed – even though western science would traditionally 
reject such a possibility of cause and effect on a non-fragmentary level. But it has 
been proven by the very same science to have an effect, (alleviation of pain, 
anxiety, affirmation etc.). Although: "Touching as a therapeutic event is not so 
simple as a mechanical procedure or a drug, because it is, above all, an act of 
communication" [11]. Simultaneously, new paradigms of science are being 
introduced: Kuhn [12] and Bohm [13] stated that scientific paradigms are always 
coloured by the intellectual climate of the time, which is paradoxically loaded 
with values and therefore up for negotiation. Kunz and Peper [14] talk about the 
idea that every organism is as well a physical entity as a system of energy fields, 




we are constantly 'in touch' with and influence each other. Not just physical 
actions, but thoughts and emotion can be seen as energy fields with a definite, 
noticeable effect on others. Regarding haptic design, intent and context are the 
most characteristic design parameters in the field model.  
Other philosophical implications 
There is another concept of touch that might shape thought in haptic design 
research: the concept of Eros and Agape – commenced in classical Greece and 
flourished especially in Christianity. The concept makes a distinction between 
Eros and Agape. The former stands for sensual love, desire and self-interest. 
Touching would be for romantic sexual purposes and has been viewed as both 
something to frown upon and treat as unsophisticated. While in Agape, love is 
sacred, without desire or self-interest - like the love for a god. Similar to Weber's 
[3] assumption that this traditional view of physical contact as being impure might 
account for western reluctance to accept and endorse therapeutic touch as valid, 
this may also account for a reluctance or inhibition to really tackle touch, in its 
full spectrum of expression, in terms of technological interfaces. 
However, with the embracing of the idea that the mind and the body may not be 
separated, and one may perform better in a holistic manner, a general urge in HCI 
research for embodiment and added sensuality is emerging. Moving away from a 
limited and reductionistic interaction to an integrative and synthesizing, embodied 
one, the field of haptic design research is one such pointer supporting this 
development. For example, we find attempts to investigate and create the 
possibility of communication and interaction via (computer-mediated) touch, as 
can be seen in the case studies referred to below. One question that has arisen is 
whether there could be a truly universal language enabled by the sense of touch. 
 
Search for Design Guidelines: Haptic Language 
In order to design successful communication transmitters, it has been said that 
messages need to be split up into small segments in order to be able to reproduce 
them digitally and mechanically [15]. Within this general search for classification 
and coding systems, the question is whether this sense can be verbally described 




a holistic, rather than a reductionistic, manner. We ought to consider the person as 
a whole, sensory apparatus unified and located in a social and cultural context. 
Pre-cultural / Cultural  
In proxemics, the science of man's use of space, three distinctions are being made 
between types of uses of space: at an infracultural level, which is focussed on 
behaviour rooted in man's biological past; at a precultural level, which is focussed 
on sensorial responses in the present; at a microcultural level, which splits up into 
formal fixed, semi-fixed and informal spaces [16]. The desire to enable the 
communication of "presence" and "affect" via Haptic interfaces is encountering a 
similar need for distinction. Rather that approaching the subject of haptic 
communication with the question of whether it works on a precultural or cultural 
level, it will be more informative to allow multiple distinctions and build up a 
more complete picture made up of several layers and segments. 
 A device delivering a buzz to alert the user seems intuitive - it seems a 
simple case of form follows function. However, as discussed by Jencks [17], "one 
man's denotation is another man's connotation". Abstraction on top of the 
sensorial layer still needs to take place. If the user was not aware of the context 
and intent of the buzz, he might therefore construct a different, unintended 
meaning, which will influence his behavioural and emotional response (i.e. users 
might be startled and run away or try to take off the vibrating device).  
Eco [18] also discussed whether a response to stimulation (a complex of sensory 
events) could be classed as communication. He concedes that a blinding light 
leading to the autonomic response of shutting your eyes would be difficult to be 
read as a sign - but in his example of a person being approached by a fast car, 
between the perception and the reaction of moving away, he sees a sign 
communicating danger which is only understandable on the basis of past 
experiences - a learnt set of codes. Even though with touch a lot of responses 
seem instant and universal, there is a layer of abstracted meaning, which is 






Several researchers have come across the difficulty of asking subjects to describe 
their touch experience in words. In fact, the area of intramodal translation has had 
to tackle this and suggests that we must respect that different modes have different 
communicative potential. In the field of multimodal texts, recent investigations 
have discussed the textual transposition from visual to verbal [19] [20]. For 
example, colour is semiotically loaded, however, linguistic terms to translate it 
into speech is limited. So to what extent do modes have linguistic analogues? It is 
stated this process is not a translation, but more an interpretation. The visual for 
example, like the haptic, is not lexically available. There is a need to understand 
affordances and limitations of various modes and media. Kress and Van Leeuwen 
[21] in their work on multimodal discourse and social semiotics explain that we 
have to account for different vagueness, different openness and implicitness in 
different modes. They state that different kinds of meaning are produced by 
different modes: either emotive, affective, aesthetic or rational, logical and 
ideational. Kress and Van Leeuwen also suggest a lack of consideration of 
materials and physiological stimulus as carriers of meaning is a hang-up of a 
rationalist mind-body separation. Kress assumes modes to be partial and that 
through different modes of accounts we achieve a layering and thereby a more 
complete picture. However, he insists that a reading is always a hypothesis, and 
by implication requires cultural context for its interpretation. [22] 
 
Haptics: a Cultural Perspective 
"Saussure [...] concluded that meaning is not inherent in things,  
but is constructed through a social contract” [23, p.119] 
Consideration of signs, codes and culture is one way of analysing current haptic 
communication projects, which could in turn inform the development of design 
paradigms. It may not be useful to begin such analysis with projects that fit 
strictly into the physical-sensory model. Developing a sensor and a tactile display 
to replace the human hand performing surgery inside the body (which is physical-
sensory) must follow the restrictive rules laid out by psychophysics in order to be 




to create meaning for himself based on the sense impression received, this 
meaning should at the most fit into the logical codes, for which only one way of 
decoding is possible. For this purpose, no room for different interpretation shall be 
given and design should orientate itself on the physical reality as much as 
possible. However, entering the realm of the psychological-humanistic and the 
field model, we encounter a world of communication where intent and attitude of 
communication partners is integral to the meaning making process on both sides. 
Semiotics 
Semiotics is the study of signs and sign systems. Within this theory social actors 
can interpret codes that are not just limited to language, but are apparent 
everywhere we look. It "attempts a philosophy of language that goes beyond 
verbal structures to cover all forms of language, from gestures to images." [24] 
The linguistic terminology seems to imply boundaries to its reach, but that is 
misleading. A picture, film, object could be a “text” that is analysed by the 
“reader”. Cultural theorists speak of the “vocabulary of film” or the “grammar of 
TV documentaries”. Semiotic theory envelops considerable breadth of scope in 
that it can be used to analyse almost everything in the realm of communication. It 
also assumes language to be created and evolved dynamically between addresser 
and addressee. Members of a community have a shared memory of patterns and 
norms which build up a cognitive framework where meaning is created. This 
intuitive system is continuously tested by community responses – and is open for 
analysis. 
Signs 
"Briefly, a sign is something present that stands for something absent, as a cross 
represents Christianity; a sign system, also termed a code, is a collection of signs 
and rules for their use " [25, p. 16] 
A sign, more specifically, is a creation of any sort - poetry, a traffic signal, a 
gesture - that conveys meaning into the mind of the interpreter. It has two parts - 
the signifier, the visible, present part and the signified - the invisible, absent, 
associated part. Signs come in different varieties; three of the most common are 




the index is part of a larger object and thereby connected and a symbol is 
arbitrarily chosen or assigned - it doesn’t have to have resemblance or any 
connection to the object, but is more likely to create emotional responses.  
System of Signs - Codes 
According to Leeds-Hurwitz three types of codes can be classified: logical codes, 
aesthetic codes and social codes.  Later these ways of analysing will be applied to 
actual examples.  
Logical codes  
Examples of logical codes (codes used by science) are mathematics, Morse code 
and interestingly, Braille. Decoding is made possible by explicit agreement, which 
was evolved deliberately in the community the code is known in. It uses symbols, 
arbitrarily ascribed and is considered digital as it can be divided into discrete units 
and monosemic, stands for only one signified and it has only one single decoding. 
It is denotative, as it has a literal meaning.  
Aesthetic codes 
In contrast to that are the aberrant aesthetic codes (codes used by art) which 
painting, architecture, sculpture, literature and photography are considered 
examples of. Here, signs are iconic, based on similarity and the codes are 
connotative and analogue: the meaning cannot be divided into discrete units. 
Codes are chosen by individuals and subject to change. Decoding happens by 
clues that have to be sought out by the interpreter. 
Social Codes 
Thirdly are the social codes (codes used by social groups) – they include 
trademarks, clothing, greetings, food, furniture, objects, games, sports etc. They 
are also considered connotative, analogical and aberrant, they use symbols with an 
arbitrary relationship between signifier and signified and they are formed by 
social interaction. Decoding is made possible by the "unwritten expectations 





Codes in Haptic Communication 
The logical codes are precise and the recipient should always understand exactly 
the message as it was intended. With the aesthetic and social codes there is a 
possibility that something is learned that was never intended or indeed that 
something is missed. Building a logical coding system for haptic communication 
is the best option in circumstances which demand message transmission without 
loss or interference. However, a logical code system will lend itself less well to 
allowing a communication system to evolve and to allow affective, emotive and 
aesthetic communication. Affective non-verbal communication is part of the 
social coding system. 
 Examples of how logical codes were formed are visible in the 
development of Braille, Vibratese [26], the Optohapt [27] and the Optacon [28]. 
They all aim to discover a set of tactile patterns that can be discriminated, rapidly 
processed, and easily learned. They either transmit letter shapes directly via 
vibration or mapped letters to vibration patterns. This, really, is the creation of an 
artificial language. There is another advantage of touch in its potential of 
harvesting a ‘natural’, intuitive language. 
“An important consequence of the theory is that it would be easier to externalize 
verbal representations through verbal responses [...] similarly, it would be easier 
to externalize non-verbal representations in a non-verbal way than through verbal 
responses” [29, p.150] 
 Haptic communication researchers often refer to aiming to establish 
semantics, syntax and grammar for communication. Apart from developing a 
vocabulary to help subjects describe their experiences [30], the linguistic model 
might not be as helpful as a semiotic model in what is mainly a communication of 
non-verbal cues. It seems that although people voice their desire to establish 
logical codes, they naturally draw on aesthetic and social codes that help them 
design meaning successfully.  
 
Semiotic Analysis of Case Studies 
In this section, I will examine Haptic communication designs with a successful 




guiding principles. Previous examples of applying semiotic theory to analyse 
codes and ways of signification can be found in architecture and product design.  
Eco [18] discusses how buildings can be studied using semiotics, even though 
their design (form) seems to be dictated by their function. He examines how 
buildings also communicate - and argues that artefacts designed for a certain 
function always also "communicate the function to be fulfilled" [18, p. 13], and 
therefore become signs. Kress  [22] concurs with this position in his statement that 
there are always potentially apt signifiers for a meaning, which we look for, and 
that these are motivated by relations between form and meaning. Riley [31] 
analyzes the fashionable and sleek iMac compared to a sober and functional Dell 
computer in terms of their conception, inception (product design) and reception 
(packaging and advertising) and draws on social semiotics in "an attempt to 
theorise the concept of multimodality in […] product design". Riley says that for 
every discourse, there is a system of choices available – each with their own set of 
particular connotations, from which designers select. Thereby, he theorises that all 
modalities "operate according to common semiotic principles which underpin the 
design process", and design choices "may be analyzed through the same semiotic 
systems of choices appropriate to the medium […] and an assessment of the social 
connotations of those choices." [31]. This semiotic system of choices is part of the 
haptic design palette I describe below. 
The first two case studies I will look at are devices for haptic interpersonal 
communication and the last two are attempts to create structured messages (icons) 
transmitting haptic information in computer interfaces. The Vibrobod [32] and 
What's Shaking [32] are both handheld devices that were developed to 
communicate the non-verbal cues that are often lost in computer-mediated 
communication by adding haptic feedback. The Vibrobod translates squeeze force 
of the hand to vibration patterns and in What's Shaking the designers map active 
newsgroups to a vibration buzz, populous newsgroups to warmth. They found that 
users of their systems "intuitively" interpreted meaning correctly. This "intuition" 








Percept: Vibration buzz (more/less) ->SIGN
Concept: Activity ->SIGNIFIED
Stimulus: Temperature
Percept: Warmth (more/less) ->SIGN
Concept: Presence/Body Heat ->SIGNIFIED
 
fig 1: Semiotic analysis of What's Shaking 
 
In these systems, the designers used their intuition and experience to create a 
coding that can be "read" (interpreted) by others. The following are other 
examples where researchers have more intentionally constructed readable signs. 
 Tactons [33] and Haptic Icons [34] are both attempts to deliver meaningful 
information in computer interfaces via the haptic channel. These are structured 
stimuli designed to represent content. The Tactons were designed to deliver 




Percept: Roughness (more/less) ->SIGN
Concept: Urgency ->SIGNIFIED
Stimulus: Rhythm
Percept: Pattern (a, b, c) ->SIGN
Concept: Type of Call ->SIGNIFIED
 
fig 2: Semiotic analysis of Tactons 
 
It was observed that, given an initial familiarization period, users were mostly 
able to read the mappings correctly. However, the researchers also reported the 
necessity to fine-tune their designs in order to make types of stimuli more 
distinctly recognisable and distinguishable from each other. 
 
In the case of the Haptic Icons, these were designed to facilitate turn-taking in a 
collaborative task over a shared network – something that in face-to-face 
conversation is usually regulated by non-verbal cues. Three icon families were 
created for the purposes of indicating which user is in control: signalling a change 
in control status; signalling a request to gain control in different urgency states 







Family 1: Changes in Control (delivered to receiving user) – The designer’s metaphor here 
was a sound that indicates a device being inserted into / or extracted from a PC 
 
Stimulus:  weak buzz, then STRONG buzz 
Percept:  Contrast/Order (Hierarchy of Stimulus)  -> SIGN 
Concept: Gained control     -> SIGNIFIED 
 
Stimulus: STRONG buzz, then weak buzz 
Percept:  Contrast/Order (Hierarchy of Stimulus)  -> SIGN 
Concept: Lost control     -> SIGNIFIED 
 
Family 2: Request Control (delivered to user in control) – Designer’s metaphor: Heartbeat 
 
Stimulus: periodic vibration, varied strength 
Percept:  gentle (low stress)    -> SIGN 
Concept: In control     -> SIGNIFIED 
 
Stimulus: periodic vibration, varied strength 
Percept:  noticeable, but not unpleasant (medium stress) -> SIGN 
Concept: In control but might lose it   -> SIGNIFIED 
 
Stimulus: periodic vibration, varied strength 
Percept:  noticeable, unpleasant (high stress)   -> SIGN 
Concept: Another user urgently requests control  -> SIGNIFIED 
 
Family 3: Request control (delivered to the user waiting) – Designer’s metaphor: tapping of 
fingers while waiting for something 
 
Stimulus: periodic vibration, varied strength 
Percept:  light, gentle tap     -> SIGN 
Concept: gentle request     -> SIGNIFIED 
 
Stimulus: two quick taps, varied strength 
Percept:  gap between taps draws attention to them  -> SIGN 
Concept: urgent request     -> SIGNIFIED 
fig 3: Semiotic analysis of Haptic Icons 
 
requested it. Altogether there were seven icons that had to be learned and 
identified under workload, delivered via a vibrotactile feedback mouse. 
 
Noteworthy about the projects reviewed here is that although it seems users of the 
systems grasp meaning intuitively, it is more true that the designers used their 
intuition to create an association, the users read these signs correctly and 
constructed the meaning they were supposed to. Using the icons would require 
training, but they are cleverly harvesting from a common system of associations 
that this makes them easy to learn. The association of a “rougher” vibration buzz 




actual felt experiences. The learning can be facilitated with designs that draw on 
conceptual models already present. This will enable an “intuitive” handling of the 
interface. Physical analogies and cultural meanings allow a kind of natural 
mapping that accelerates understanding. Through previous experience and 
knowledge a cognitive framework is built up that is necessary to understand, 
interpret and integrate new material [35]. Analysis of visual material has pointed 
to interesting relationships between compositional elements and associated 
concepts – an awareness of these makes it possible to design sensible mapping.  
"Lakoff and Johnson [36] observe that (in English usage) up has come to be 
associated with more and down with less. They outline further associations: up is 
associated with goodness, virtue, happiness, consciousness, health, life, the future, 
high status, having control or power, and with rationality, whilst down is 
associated with badness, depravity, sickness, death, low status, being subject to 
control or power, and with emotion " [37] 
Identifying similar relationships for haptic variables is the next step to developing 
a design palette. Anchoring designs in already familiar concepts could therefore 
also support the recall ability of differing haptic stimuli. Touch might not be 
infinitely separable into discrete units which are digitally reproducible. Still, if 
treated analogously and allowed to respond dynamically, there is potential for the 
communication of an affective and expressive nature.  
Forming of Codes  
The project ComTouch [38] is different from the other projects in that the 
designers did not provide prescribed codes to be read, but allowed space for the 
social actors using the device to create their own system between themselves. This 
approach is interesting in that it can tell us more about the potential and the 
process of meaning making in haptic communication. 
 ComTouch is designed to augment audio communication via a mobile 
phone by adding vibratory feedback that can dynamically express squeeze 
pressure of the hand holding the phone. It was hoped this would enable the 
communication of non-verbal cues. Subjects were given a chatting task where the 
touch channel was complementing the audio, and a negotiation task, where audio 
communication was discouraged. The subjects knew each other before the 




themselves successfully. In the chatting task, the added tactile channel was mainly 
used for emphasis, turn-taking and mimicry. 
ComTouch
Sensing/Self-stimulus: squeeze force + duration of force
Percept: intensity of vibration
Concept I: Emphasis
Concept II: Turn taking
Concept III: Mimicry - presence, attention, bonding
 
 fig 4: Semiotic analysis of ComTouch 
 
ComTouch differs from the other projects in that it investigates social uses the 
subjects were putting their haptic mappings to. It is an open system in that it 
allows the users to form their own system of codes, which do not necessarily have 
to have a clear meaning outside this small social group, but if proven successful 
could develop into conventional use. Examples of users shaping their own 
conventions are the so-called emoticons, which were derived from countless 
attempts by online community users to convey emotions in a textual/visual form. 
The emoticons that were the most widely used and accepted became convention.  
 
;-) 
fig 5: Example of emoticon 
 
Other analytical approaches like the commutation test [37], in which the 
relationship between the signifier and the signified is assessed by excluding or 
replacing one signifier from the material, will only be fruitful once a haptic design 
palette (from which synonymous and antonymous alternates can be chosen) has 
been established – as has been done in the field of visual design [39].  
Extending codes 
The last project I will look at differs from the others, as it does not actually 
involve any touch in the physical-sensory mode. “The Space Between Us” [40] is 
an art installation for two people, which tracks the users’ movement and creates 
their visual outline and interactive responses on a large screen. The project was 
designed to emphasise the space between two people co-located in an active, 
square-shaped space. Distance and proximity, movement along the x, y and z axis 




are encouraged to work with and against each other, take turns, create interesting 
shapes with their bodies etc. When the users' outlines on screen overlap, it feels as 
though the two people touch – even though there is no real physical contact.  
 Fig 6: Semiotic analysis of The Space Between Us 
 
Given the usual social awkwardness of art viewing spaces, together with the 
general avoidance in a north-western context of touching other humans, the 
observed willingness of participants to interact with each other in this installation 
although strangers is noteworthy. Interesting also is how a visual representation of 
one’s self touching the visual representation of another is actually sufficient for 
the self to feel touched. This would support the field model, where the intent 
means we already touch the other before making physical contact. 
 
Semiotic Experiments 
Drawing on the theoretical framework as outlined above, my work is currently 
concentrated in the psychological-humanistic and field model where with semiotic 
analysis the cultural and social aspect of the process of touch can be investigated. 
To this avail, I have designed two studies of an experimental nature.  
Tactile Semiotics - Haptic Box 
The Haptic Box is investigating whether tactile experiences can function as signs. 
The potentiality of statistical evidence supporting about a link between semantics, 
tactile sensation and values is being explored by presenting subjects haptically 
with ten different textures and allowing them to choose between polarized word 
pairs. These semantic choices give information about the attitudes towards the 
object/texture. A profile is emerging for each of the textures. Presently it seems 
that correlations are happening especially where people recognise the texture and 
therefore associate with an object rather than a texture. This would be in line with 
the recent observation that people cannot tell the difference between raw silk and 
The Space Between Us 
Stimulus (visual): Two people’s shapes overlapping 
Percept:   Two people touching  






jute, unless they are verbally labelled [41]. The mere texture does not produce a 
coherent mental image, but with some of them, there is a pre-existing mental 
concept and association with a previously experienced object.  
For example, in the Haptic Box, the silk texture is often recognised due to 
previous experience of this material. Cultural connotations that are historically 
associated become obvious and are reflected in the semantic profile. In the case of 
silk, the subjects placed much emphasis on words like: sweet, young, fragrant and 
valuable. However, as signs are socially constructed, they are also subject to 
changes – e.g. geographically or over time. The particular connotation of silk is 
changing due to technological advances in the manufacturing industry [42].  
The other texture that is producing an almost unanimous reaction to the word 
pairs is the tree fungus – it is also easier to recognise than the other textures, as it 
is more of a relief than a flat structure, which gives subjects another parameter to 
explore. Comparing the tree fungus to the silk’s profile, one can clearly begin to 
see a contrasting semantic image. The rotten tree parasite is associated with old, 
bitter, foul and worthless. 
 The semantic differential employs words merely as a tool to tease out the 
connotative meaning of these touch experiences. It therefore begins to establish a 
more complex model of touch and accommodates the layered approach described 
earlier. 
Kinaesthetic Semiotics: PinKom 
This study is similar to ComTouch, where the actual user behaviour is hoped to 
inform design specifications. As described earlier, a current concern is to establish 
the affordances of mappings of touch parameters (vibration, temperature etc.) [43] 
and to eventually accumulate a design palette for Haptics. Creating the technology 
for this is difficult and building functional prototypes takes up most of the 
research time. User studies often have to be reduced to pilot studies. To counteract 
this I built a low-tech solution that could be useful in predicting how people will 
use personal haptic devices.  
PinKom is a mock-up of an imaginary haptic communication device that 
allows the spontaneous forming of communication codes via the haptic channel. 
As it is a visual and haptic shape display, this could be called an investigation of 




up of movement and touch. Couples in a love relationship use PinKom - which is 
basically a customized version of the pinpression toy - for at least a week. 
Subjects are asked to imagine that this would be a remote communication device 
while interacting in real-time. They are asked to do two tasks over one week: a) 
use the device in an asynchronous and gestural fashion, i.e. leave messages for 
each other and record these with a digital camera; and b) to communicate 
predetermined messages of an affective nature (“I love you”, “I am angry”) in real 
time, both touching the device synchronously. They are also given a 
notebook/diary in which to record their thoughts by written or visual means. Even 
though this prototype presently does not involve digital technology, it is allowing 
some results and pointers for future designs.  
 
 
fig 7: Messages left on the PinKom 
 
PinKom is not to be taken as situated within the physical-sensory model. Indeed it 
seems to indicate that the human touch could be replaced by a machine. However, 
this communication device only produces meaning if the user is aware of the 
intent and the context of the message communicated and the person sending it. 
Therefore, as the intent and well-meaning of a personal contact is creating a 
feeling of being ‘touched’, the PinKom is much better situated in the field model.  
 
General Conclusion and Discussion 
The philosophical development of moving from physical-sensory via 
psychological-humanistic to an Eastern inspired field model was applied to 
examine current trends in haptic design research.  A purely linguistic model to 
investigate haptic communication has been shown to be limited and in order to 
appreciate the complexities of touch and communication, it has been suggested to 
incorporate methodologies like social semiotics. An analysis of case studies 




The Haptic Box study is to be taken as an initial portal to understanding 
the cultural system of signs in touch. Being aware of this process of sign reading, 
which happens automatically for the cultural consumer, is important for any 
cultural producer. From this sign system, designers can construct messages, and 
these messages ultimately make up our reality. Most cultures are very fluent in 
their particular visual signs – in the western world, a monochrome photograph has 
certain connotations that can be deliberately conjured up: e.g. nostalgia and 
technological and aesthetic achievement. The origins of why that is so (i.e. 
technical constraints) is maybe less important for semiotic analysis than what 
meaning the artefact constructs in the mind of the ‘social actor’ at the present 
time. In the same way, haptic signs can be read. Encountering old, manual tools 
can communicate a feeling of nostalgia and reassurance – what the tools mean to 
the ‘reader’ is part of a constructed message, shaped by previous experience. A 
more systematic investigation and documentation of these signs will support the 
accumulation of materials and choices for Haptic design.  
The PinKom demonstrates that with relatively simple means the potential 
of touch in remote and computer mediated communication can be studied. With 
artistic exploration and scientific development, different perspectives can be 
explored with a view to cross-fertilization. Tollmar [44] suggests combining blue-
sky research with down-to-earth design methods in designing new interfaces. 
Mock-ups can be used to help users envision the kind of systems they need - and 
in turn inform the designers of exactly what will be required [45]. An interesting 
development to observe will be when access to haptic technology (like the Haptic 
Editor [46]) becomes widely available - will aesthetic codes, inspired by 
individual artists, be created [47]? In photography and colour theory artistic 
experimentation pushed technological development, led to a greater understanding 
of perception and enabled a more accurate usage and dynamic composition of 
(visual) elements. Design for the haptic sense will demand its own set of 
experimentation, haptic sketches and design iterations. A mere translation from 
visual to haptic (i.e. making graphs haptically explorable seems paradoxical) will 
not be fruitful, a more culturally informed interpretation and transposition 
between media and modes is called for.  
With the consideration of a cultural and social dimension, a wider range of 




be developed, building on psychophysically established elements. Concluding, 
with this holistic approach, a more thorough understanding of the potential and 
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